NF ae ee SA oe (a 
Se PGi En ay J + ban 


» AAT Liaise WwW Na 


veal anh ae Wi Hig ros \ 0s i eae 
co . ate ET Ae ano Comoe rae te We que” THE LIBRARV.OF THE 
ee UO tes canny 7 “JUN 19.1936 


UNIVERSITY OF LINDL 


VIRGINIA GEOLOGICAL SURVEY | 


. UNIVERSITY OF VIRGINIA 


Tomas LEONARD. Watson, Pu. th 
| DIRECTOR | | 


Bulletin No. Vo 


_ Underground Water Resources 


OF THE 


“Coastal bun Province 
_of Virginia — 


aha DR serene it et 
© | “SAMUEL SANFORD ~ 


PREPARED IN COOPERATION WITH THE — Bs 
UNITED STATES GEOLOGICAL, SURVEY. 





VIRGINIA GEOLOGICAL SURVEY 


UNIVERSITY OF VIRGINIA 


THomas LEonarD Watson, Pu. D. 
DIRECTOR 


THE LIBRARY OF THE 


Bulletin No. V JUN 1 9 1936 


UNIVERSITY OF ILLINOIS 





Jeet 


Underground Water Resources 


OF THE 


Coastal Plain Province 
of Virginia 


BY 
SAMUEL SANFORD 


PREPARED IN COOPERATION WITH THE 
UNITED STATES GEOLOGICAL SURVEY 





CHARLOTTESVILLE 
WeNiievele Resi lols ve Os en Viele) GaleNeicA 


1913 





STATE GEOLOGICAL COMMISSION 


WitittaAmM HopGcrs Mann, Charman, 


Governor of Virginia. 


EK. A. ALDERMAN, 


President of the University of Virginia. 


P. B. BARRINGER, 


President of the Virginia Polytechnic Institute. 


E. W. NicHoLs 
>) 


Superintendent of the Virginia Military Institute. 


A. M. Bowman, 


Member of the House of Delegates. 


THomas LreonarD WATSON, 


Director of the Survey. 


C.O NUE NEES 


PAGE 

INTRODUCTION 08 60. 6 Hie Cystic sel nein eg ees a oa ie ae i 
SCOpe Ol TEPOTlst ies nee SPR rhe Mee ag errr ee ety I eo cit, 1 
Acknowledgments: 32% .2% Wate «OG PP TE | ETA ae ne ee sy Se bee 1 
Literature! ait PON ee ae re re re ie ee ee Fe A  secele Sane 2 
Results: of investigation ...s owes soct/ewk. © Meld elk coe haails enh, ts lone gn ee 3 
TOPOGRAPHIC AND GEOLOGIC. PROVINCES OF VIRGINIA... .. (6.).0naseee eee 5 
General “stabement: | 2 ih .<i aa cis oe oe ant. a mca isle hae Rte ae ay nee a 5 
Piedmont Plateau ..... Fi oleaMinde na 1a8d ea Mile WR at ne tee Eee at 5 
General,’ description |< asus seit s aie fu ol © oe net cane een a 5 
Coastal) Plain cavuts, aucthe. cena eh eait te ee ee Gi. a) ie ee ee 7 
General ‘déseription «a.u45 le 2 oe ee 7 
Geographic. position ji. 04 aa. se se sere eae ak eee oe ne 7 
Climates oats fu ccs lacs, ee an Bhs a ee Signi kn ics oe 7 
Popogra ply ce 8 Si iv res Beck bev ai le Sota leer Wk oa cca 10 
General) description © cidies 2a ceed ahi owen epee ee 10 
‘Lerraces, or terrace *piainge tn tne hye tp 10 
Lopographie. types.’ & excuse Ma scene 65 ea io eee cern 10 
Geologic relations of Coastal Plain deposits...../ 0.2.3 ...........005- 1] 
General deseription. 27. 00m, wee + Re a oe 1] 
Thickness: of “deposits” 427 s\.2 )Gerirss meee ee eee are 11 
Orystalline: ‘rocks. 1... phe ee owe ieee ee eee ee ce 12 
Character: and “extent, Ati: Sateen eee & Bev sna Gt ee 12 
Bed-rock topography ........ ee et ae Co 12 

Water supplies. 707 FS eee ev OLe a nate hae earth 13 
SEDIMENTARY | DEPOSITS © 5 5. x feces ee tate ee pe ie ees ee 14 
Cretaceous ssi Meh wc buss ol een me Bie notpre » calgon wetter A eal eee oe 14 
Lower : Cretaceous) ac. 5: 2)3: Pe So tF  Scee h cor es eeee 14 
Potomac: PTOUP ® os 6:c dee Wek esos 0s oO gee tran kak A pe een peat 14 
Extent and. character:./4. 7. 0e.Gs aus «ee ee ee 14 
Orgy yl ie ares inc a aa oh le as eek 8 00 ee 15 
Abe) eee eats eae om earns Ame aT A Nae a 15 
Patuxent: formation > ics. Mais Fk es aye os oh rareagn lee ne 15 

Patapsed formation ¢ fon c5s os sete ws also, ss ee 15 

Water supplies: a.) ici tis hbcA > cp ola aa Sean Soca ieee 16 
Upper Cretaceous os. ovaceiss ake «cde vais cat Stebel: ss Seca 16 
Tertiary > oat Sisin susie yp Siielogsle, vane agep ak © Salen oy ie On Sane a Ws 
Beoeeme a's ia: iii da, hates w BERR e ees as es a ere a Le 
Pamunkey *Proup /).% s1¢ eign: nets ie eh ig ea oe ne ee sed ee ins 
Extent, iand. “characters jehie 26 bie ee eee WA 
DAVISIONS 2% sl eS Pig ck ees eee ne oie Nears ie nr ee ae ee 18 
Aquia formation) 2: <3) Mojmatine wom field oa eee eee oe 18 
Nanjemoy .. formation ai sviines, t > gash +e ce te 18 

Waters supplies cicticc lcs laden she ai ie dike sup t om Paie gee saves: te ene ala er a 19 
Waocene: Gyn eae ea Hs sus ten ahe scaly ht cab Ge RR MENS nl been cJOue cance ey cee eee 19 
Chesapeake.’ group 58k cileetive Selec vat te) a tree tls te ah ae ee 19 
Extent’ and: character’, '/).2-cec5 ke Oe orbit he ae ee Cen Se 19 
Divisions 755 SEA ys aw Diary oa tlk Clea en teen ite 20 
Calvert f0rmation) vi. vie ce aes Ve set a oe 20 

Choptank formation... Vaan ite « tha argues ae ea cee 20 

St... Mary’s “formabion 25sec. nate nee one ee 20 
Yorktown. formation. (6% sin mie ce 6 2 ee 20 

Water >supplieg 1... bi dick Gea iia: eee re geet eee 21 
Plig@ene ’ (7) 5 vy Lis aed to vy cde ate sinh See ete ee tae ad eer A 21 
Lafayette, formation .%% <7 gees aie eter aie tee ee een 21 


Extent snd characterns, 2b so Ghhias Se ele eee eee pa | 


CONTENTS V 


PAGE 

Baas NEUE Teste. San! A ae Cay me gen CUT Oe a 22 
VSR Rinkl PDI CM rittaeen. otra eta tin as woman eT Ai tay ae FSO Bybee dor aoe a, 22 
Picistocenes © us eter ped ss a Ba dR caetne eR mieten . Like) Peeters 23 
Colimbige groupes ama ol ft. ce aun Tae See aE IL ees 23 
CUS THO COT NR OMROTE IGE: 5 iy acs oo. Seraete cus sya GME fee AEN ces at ed 23 

DU VISt ODS sees ene a as ey cee Ve slay keh RO. SP Oahe wad Bo ws 23 
Dunderlancmordin cians As. Ma rn cere. Wa Yi Ad et ews 25 
VWiSOMMGG [Orme lion tae. 4eF SCS eet SEE, Mee Griletitt! Bins. 25 
athoOnetOrmaion eae. el. ee ey eee eee ere. Far) Kae ly 25 

COPE Tigran Se te Cane et NOT OL tea aye okt CTE Bie i at 25 

MCN gee Nae Pig Ue We Sees fo hoe bees en knee Ie 26 
Wndrerentiavents Columbias Dedsin Gos ctr’ wire Renner Moma LL ed os 0. 26 
Pretent Vanda. cuaracterere tiene 7 Annie cme ohut. Cet hed, 6 oie ek 26 

Wi DOT ABUT T LOMn ress b Ue reat ee aL oicka me Ae mI NM Faw 5 27 
Summary of geologic formations and their water supplies........... 28 

Rey OG LTT pa VV CE ete es entiation eet re cal Rk Te Bod phi we whale ps le oy ana 31 
OPI Ge CR OUCier am Ci enTADULCLOIE A Sh cic tiony ign Kio fol mae Rl GIA Hug a ag we aa eR 3 
Tere ra mor OIViels Cae init rations veri g he Coca sied cnc tuein Soxti g cee eae Se Pa weed Sashes: Gin ae + 31 
ER Ce Cie eee Rohe Sale etna yee ee yal a esis eels & SOUT, 3 
SEAL ane ene Me Pn 2s, OWE dry gale & oo ooo is WOE NR. PRY) 31 
Controllingeiactorssinesoil. absorption... 666. GNA. . a dae oe ial... 31 
Oba mre TR OLC VR OMRON ES arian ita G5 sha 0K Pe arnac > o8) coy oO ES ate 32 
SS eLTIGE CNM ME ELAC Meee & iis iiue Gn coke ter vw ws INSEAD ca) GOS LE nicks 8: ot MUPOOAIE, 32 
Aid ee ORI eg is G ah An R Oooo iw) y's bide oha"ecrre co EO BRED US GEN OLOLE 32 
SCM OL le MEN sonia ae 4. «oly emt te Abe cheer th) hia ee, care a. 36 
CSE ON ONT ee Cor ec le SiG me GeO AA te ge ee en a 37 
ere POE ALOT Co ei cis eciele wed 6a dae oh way nd SAW ci as 37 
Ne Oe AIK COME MP ES ccs Miva see iff wiaelov auch gad) k s-nced ¢ geni orators. «jawed « 37 
Pe eC EA PUtomery UO alec GLU One es ie gaat ays Sia fig Gey So oo pce DEI eRe wT dea ble 37 
i eg IRC ROR ime WER CGT etna ca tte eM pack sui a ewe aru fry Glog € o-oo 8s LAELOS > Mig edi Alea 3 
Circulation Of eround) Waterss .¢. ick ees Mead pets Pegs! e sas hos LO HE a se 39 
Bate .oramavementso1 underground waters ii;e} 0 Sheps hae oauicls Oe sas te 40 
Re eCr aL CUCM eepeaai CU TIVELS yn. cin WU adie Vids «aly ce Vee vey Sele EMD - 41 
PPCM NOMEN s Mote Ce NOTALULEs < 4cy. 42,),o0F ae clas siouspeu edhe Gee boos ates atthe. 4] 
tienes ee com Onion Of PTOUNG WAter occ oc. 5 afore apy biiorsebssguieth he sulle el Mess « 4] 
tT aM CURL ORI ee MON ord dsc AK re aah Rea lita Gado wot Ca A cee 2 42 
Cece ener OTT WALD arc, Sauer gl ota tie Gey fla a cial he e+ ele “pauls wi esa 43 
Eee CUE ORENOUNION Nan, Macs Aa asi Slaw kina pw sa Meee eel. ‘ 43 
PoeC OCMC Om MeO ROU S WAPON fe 545.5. ass apse ha pay 4 ae Fe OEP AR GGT LI. 44 
GS Re MMC Meh, erie iy. cos. ia ny ath, hg tT GE say S GDR o UAh savin Raa vo a 44 
SS) UE ea NG Shag cas cod'«, shar wag rs Ae eran at nh ce eS ee: See gee eo 44 
Tepes on edstaly Paine pri nos ane termine aes kck sll eae eum a's Gwe Namal es 45 
Popa ater Wet abe tisy | BOs os Shik Qin Wray ODO ge RORS Oe oy Ri ee ee SeeY Bret eee 46 

Tee ens [Ci aey ores PAT Set Leer ah tu Ge eh cant Sana ey 46 
PATLOR I MTT IO OS caguriauth: 6.0). mode Ci Kilda © EDSINTE. cee hs 46 
BOURCeSy Ol mepPine waters wa Av cette yates ule tin UC aR Os cir eeammiete ld... 46 
Pernraneicos Oa tlaw meron a cis eres ender des Gow creel Fea ice’... ‘47 
POTTS erOrOReU DD LY ees, ats artaern ne ene MMe Melis 517 UPA Pay: tbl ates cma byr ts « a. 47 
POM OLVOL SUPT OmeOU.) COR an sie late ra <ul oth tis Fis saan aris Asstt} 47 
Giality Gf spring waters) 2 y..<ion ch. eraser. Celeuminy to westside .: . 48 

Dee sane ruriesigin (Walernn. nt > jeer 5 planer omen Demirotew oe. EL ie yell 48 
Function of ground water.......... irae Hey Ree nde PRAT ey 48 
Doerr Cer eUlA LION Te eten an 2 ot lav berets cour cpree aS he. aeaabatys ool lah. 48 
Temperatures of deep water..... AR PRR ee OY Sore eee ae ee oe 49 
Composition wor. deep water wiv )c0 cane dna AS > Sclae swe ee | 51 


A TLOOLA WALLY Si Sune Gee Se te er cea ae MEE cae te eT 5t 


vi CONTENTS 


PAGE 

Definition of artesian ! Gece. ees delat ore Sate Ea say pee ee 51 

Artesian CONndItIONS \ its %ets Ae eprakkiee aes alte te eee ee ee eae 5] 

Coastal> Plain vanvartesian: slopes. 4... > “aes eree ee 52 

Souree of (artesian. wateras, A05). akin are sae eee ae 52 

Initial head (iii. 2 Shaan Aa Pee Atlee fp eeeeene ts ern Rea teers metas 53 

Loss. of head » 5s Vaseaee V5 9%, Seto a obs © LLP Sy eee 53 

Ponded waters ois 805.56 50s soe. woe Bop ees oe a en ee 53 
Fluctuations .of level"in ‘artesian »wells: <S-¢csse se) eee ee ee 54 
Quality.of. artesian -watersicias« 64,5: aero ne nis ee ee 54 
Artesian Bands os¢ 04.6)55 2 bins sci e ptes cet teem as Was gee en ea 55 
Number. is'ain.d nis ae + 6 AS in Fie delete, 0 ein ae ee ee 55 
Potomac, sands. i.6:2 Sts. hd cee es me eine ee ee 56 
Pamunkey . sand8y5. 5.65: <a ouvtecs lee # Rae OR ee A le ee 56 
Chesapeake. sands) .i64. ss <\lunots Soin cam coke ale aie ee 57 
Columbia: Band se isla 6's Coes: el ote ed ee ee 58 
Flowing: well Av@as i. s/s nies, 35s Mig else «las yore ee ee 58 
Conservation of artesian Supplies ..c, 0... acca sce eee 59 
RECOVERY, OF WATER 220 s4c wie ae ie wa a ory ee a ee 60 
01-57) 9 (|. rn meen Cr Ir OLE Ml aa ee 60 
Springs and seeps... ova. ik. a8 cle oe aievaceee oars AO ete cana 60 
Improvement of. springs: s./. 1.5 .s<e8 Uae acOen- le.ekeene an Lee 61 
Use Of (7armiss so cin5 005 tis 5 oe sx din Wein ENS me Eliane, Seon en 61 
Collecting tunnels -and drains!) 22-2. 4. eves gs Se ee ee 61 
General , statement. 2.6.0... Sd. nw a's oe al apap en ee, ee 61 
Mount, Vernon’ collecting »tunnels...4.2.4- sa... s1 ei ee 62 
Wells < rcpig earee am meio aslbe be onc ie aa lees Ra ene ak Cm nee ee 63 
Dirge Wells 5). aneitin ts (oo) Ps ho Fee oe Sea Boda earner epee ake Ree eee gee 63 
Bored: -wells © .j.i6 355509 8d Bagaid cod eee A eee eee ee ee eek 64 
Driven: wells « scsiiivs'e le (ASR 28 oe Faces anew chy a er 64 
Drilled «wells yxcz oh 2.cn fees ows od we pe ote in a ee 65 
Magnetic: Wells) x g.0jn%ie seers cate © sont A awe alata w= gels ee ee ete 68 
Yield of wells sii wig con dale at © tee win Oy ls ene et 68 
Losses of head or;yield.in flowing welld. (2233.6 oak ee ee ee 69 
Cares «6. opoe tests cog ees aan 25m Mba a ace te ele ty ge le 69 
Faults in sinking. ...).22 0.46556 Bene oie em meee ei ieee 70 
Haults in maintenance: «\. 44 %-: 08 Ree sh eee ee ee ae 70 
Neglect is eehia ee x wv veo miet mgd Sav certs ee al aaa tee 5 A 70 
PADUSC og igo a acalealn sates la pee to, nig pec ne ac 70 
Trnterferenee xcs sce ci nsiin ono alt ids ey os 2 Gee ene te he oe is 
Utilization» of -supply :< F046 39 ob eas ct ge ee et ee 72 
Rams. .at<cdlowing + wells 5.) ecn je le seers toy ne ee 73 
Sanitary protection of wells. ..c ick swe ewee secure mc: eee 73 
Public health as related to underground water supply..................... 75 
Municipal. water’, supplies; ...°. 2508s sien ce ere ee ys CO 75 
Source oF Supply sie coe oa bis ey mekcort iat aie heen oe Nag ee 75 
Surface « Water siverigges <6 rg) aes thas th eg ee Ee ee ce 75 
Underground s water .3 on). x5 8s a gh nee ete 76 
Suitability of surface and underground waters for municipal needs.... 76 
Notes. on city. and :town <supplies:.s 290s a ak ee 76 
Mineral water esjescse sa waht 6 oh k a er aeaee, ais Sane a 82 
Value. of mineral » waterse.eteis een oes ee eee te ate oe Pee ee 83 
Deep wells in. erystalline -Tocks:,.5\F.4 <hs-<u te aede ee a ke ee 83 
General statement: ..c0. 3 «tu eile wicks © Raupe tw tie eke teed One 2 ee ee 83 
Wells: near.’ Richmond... 5.4m bee ake ag ates Mee ena) Oe eee 85 
General , Conditions .224 ges anette Cee ee ee 85 

Welis near river: fronti 2 das. cee hanes Om eee hat Se eg 85 


CONTENTS vii 


PAGE 
CMTE Wd C8 FRE Way Ue ek end Ne eet ns 2 oa ek er 85 
re ae ee es ete re art Rie ks MT OAS (ANI S den ply Aap po 86 
Weelineiren tetie reenter OLeGNhG Chu Wd ag ewes cis din yk ols + oleae RM ease oa 86 
BTOCCIM CIOL Stern nis Ree Re Bet a Na xcs OSTEO. 6408S ie aad hed 86 
ister Olea pay INOUtR) mec leio dk Oe bernie are k HS FASO we Be Owe bes 87 
NEED GL ee OL emi Sine sen SAK Seats A kn aly aT A Reed ale es 2G 88 
CUT One DOG amen Rede. tah rere ottan Ny Ree Me Wy 7.8 eee kd cals 89 
Wells-in the northwestern part of Richmond, et¢.7.... 6.0566 ss... e.... 90 
Viset ame Taller Oe TOLLIOUC aa ees ata Piuia teeth tod ae UREA oie cies ae RCIA S48 92 
HN DO Le eM a Pe. Sak ed we Get eye AM hth RO 93 
Provauiltcy.or tindinp waters by deep:-wells. 3... 8eeiali. eile. sek na, 94 
Analyses of waters from wells in crystalline rocks near Richmond,....... 94 
Phancces Ine (ually -Of tho WAtET 47 och aan ereainicocne te ie os 2s 97 
Deep waters of the Norfolk-Newport News area............... .......... 97 
RRC meS CALTON) (ae. ap eAioaitn. ise oun died. Wl aE ee Be iio 97 
TOE Tr Geert) Sak CE) en te Wh cet Se ee pceer tendo Aas cries AL ee De Se AE oe 98 
decree lee Orc us Ole ANOS? IVC AM.14 so oat heels Wass eae PUN i a oe 99 
ECR mV RCo TaT COC ela CLL GB Ley cine nh RRC ee se, SANS Eee Fury Von |, 99 
eM OR NOW Came tn tre ith §. ye dis aaicanieh nt ep akoe IO EMEA One ES. sas 101 
AKG MENG Were MR Oe rc trees 258 ote Os, & anurans A eed Ate SP Po 102 
LCi Meee ra Tri De CG LIVE Rael ek sk pc gc ee ee, Oe Pg 104 
Wee erst eOn miles | AVON so oc eed talk y oe ete 2 ee wae Ew a ns 106 
enerd Men tiL Cull Lame we Sem agen amie aie htee nme: SF bog 2a 106 
MARE GP ORO once a Slory et Lao wate pag Se TORS oo, 107 
VLE Cr Gt cals arin Gree we eh oo eee Ane Be A RE ee 107 
Sabai Soe ~ VELEN GT eae 0 A Ser ee AO ay 41 61S Sy ot ot eee ea a 107 
ER TPCT G net Oe a. oi aide hls a LOR ee ee Oe ee ORR 107 
Ue GELS tees s)he pias e ahee as ee ee ARS eM OR al og aa 109 
(OSU ICR Gt la Tea ES ee ar CEE 11S So On A Oe 113 
iia ey eT LEC EGLIV AC IOTS 505 Xs Signs Waa a eRe ellan, Wel x £1 WV Chr ds oun aw 114 
Peer rt mrs mCLOl MW ALOT sac) Jac he) ci. eg ers NRE sh ak ae ae Sang ws 114 
E110 Se CE RN end fA pene Dele cok lein6 as. 8 ida CAR. 116 
HADERGROUNDGVATER. RESOURCES BY COUNTIES) 2 0.0.5. 6. e ene e eee nes 117 
Ramune CMLL) Vane ac takes eis cine mera cee oh asin abies y inte ae: A Eo Re hee sg «a x 17 
pre ESOT IDOI soon toh AR ee ee ei tele ean tok ea, SA heel op en ey 
RAD CE OL Oust me OLCLG Mars tk Peete wegen a. we. cds ape SONA as slay Ges ehetieg aa. cs 117 
sue EOL. GUA LG Vie gece rise alt me senetee.2 es. Pah ond ra whee a chess x 117 
Sete aN ORE! UA oe ORE ae, LRN Seah ne era ee ee ee ee cy 118 
Os Le aR Sige rae LN Ms te Gio sepals ipo phca ho 6a Bien Moe dec det MN Bond a 118 
Wiel UVC E) Saga eee ae Ge) ee ee en er ee ees ae 9 
INOS UCL gS EV | “ones age Oy etic olen eel ee or ge er er ck ee a a 119 
PIA eC thyroid aPeCHUSCKVINIG... 4292. 6G up hte cay casa ea nen 1 120 
INGO LER OME Sea eee Mee ey OR acd) AAS iDe ar Ren, Bena SL 121 
Wells on the bay side at Saxis, Belinda, Marsh Market, and Grotons.. 122 
VWeliseOleGue ua v SidGstBrblen, BOUDN foe ac. ees A Mode Mae dene ele ae os 123 
Wells along the line of the New York, Philadelphia & Norfolk 
DEE eke IO aE ee el Piet SNe dk ee en ee cy 129 
Wells on the ocean side south of Chincoteague Bay................ 131 
VWollecone tennis ine Chesapeake Ba yiigis ied. 5a Gk pia e deel... 131 
SEUE oli: Fagor PoCCR IO Ba hah i ecect yan ae ne nr cee: ac CC 133 
IMICE SGI), CRIT aim ay glee Te Se ea A er at er ene ek We ee ee 133 
Crates CE CC EL UIOU erty ext me Lee Solis, a Raa ada tuahc, Wee uaeets ol x's '< 4 138 
NOOR Err Goat ee SUN CRD Soe rede ot e ct lead oo SBM dea, inde edie ips sss 2 > 134 
Shera Lrencama lite (Ue hit ys sc wae: vcr c et cae eretineds 6 Mag 2 reece livin Weis + » 134 


Sy hd Th yin aR RNa Red Co ok Se hc NR Ae eat Meet a rw pas bd AVY + gs, 9 6» 134 


Vili CONTENTS 


PAGE 

Jc hihi): Se er Sen ar onamr a Ole SR SSM NEE Ses 134 

Erup <mineral spring iarsses. os vane os nia Lane DS le oe 135 

Pow ate iris, gente SN ait a ho apes lapel esha as lee, SR ee eee Ses 5 
Publie “sup plies <5 yu «Wee Gates had A ae oe ts ec ee 137 

Local jjsupplies: : .ckciv)-ln,. Weeee ee as 5 RE ee ee eee 137 
Alexandria. ac. 24454. tei ae ele he eee ee 137 

Others localities ¥. >... 4 ee te oe Aveta ek Dae eee rae i ee 139 
Conclusions) ¢ 292 cat, Pa Bates PR tk Be Bia eee re Geos 14] 
Caroline. Gounty 2. aeeActe seo Rh eR een LS kaos Been Leena 14] 
General: description. satinea set ties sno Batre cone ear oe 14] 
Underground waters. .inGids Seek ek Cee, ba ee 142 
Springs si. 4.026 score, an ik oor GE as ee eames We eae 142 

Wells yas ais co bea 5 BE ere My eee I Oe ee ee pe i ce 142 

Local supplies : oS acc DA cgs learn Hie ask eee eer a a 142 
Bowling Green. , snclte «2c oe hed > ee tine hs oe a 142 

Other localities t94.0<s5 16a bee ese )a/eth a Bt oo wie Ge eae eee eee 143 
Coneluslong (sons 50 sie os. 0lG cy 3 ane ev Res Se ec el ee ae 144 
Charles.“ City: (County: on: in ese ya's SRI a ae eee 145 
Genera]. deseriptiony 5.6 3. oc ask’ & asym 145 
Underground waters ei os. yj.cohgh oa nee SP sire eee 145 
Occurrence: and...charaeter |<... «ow eis seed ae tate ee ee ee 145 
SPTIM Ps  e Wissbeiag bos; Alb A iacia Moet SERENE Sets. Gilat E Rd a edo ea ae eae ae 146 

Weller sg 2008 ste Rw i 0 Fon kite: sae yeh oleh net ge gee 146 

Tocal: ‘supplies. 1.0 6 joe ces fdlh cates ces ees «eg ae 146 
Conchisions ©. $2.8. calidad «soe tame See BR ps Ree eee eee ee 149 
Chesterfield County 363. 63 'p9 6 0s inte nis cents pn ee 149 
General’ description \msssne sc i'y ¢% aang ae hee oe eee ee ee 149 
Underground waters; 2. .5<ck ks «+2 os eo ee ee 149 
Occurrence and character”) ::2;.:. gyi sien aan eee eae 149 
POPTUB hess Secale pies svete etre Qnag EO 0 ee ne ane a 150 

Wells: ses siujeoe eh cao bs cp Sy as ee 2 cee oe Pet eee 157 

Local supplies! cas). ein acc "bts ce ee. yeas roe etc ae 157 
Come] weve: <a" ccs capes «Gayl so deed ale etaga a ce oe a 158 
Dinwiddie, County. ..02 sii ctu ate Ce oe eee os ea ae 158 
General. description |. 4 .hip As fwours ore 108 so occ ee eee 158 
Geology ssc sini win wna le nab ose Ei ale demie poke g) Ane a 158 
Underground: waters). 6 os 6s coe ei ok neol See @ Dee  e a 158 
Oecurrence and, character +. .).o:.cos sc Stee ie ote eee eee 158 
Springs), 1! .< o's sles G4,0' 4 oe Biolesallede ha des a eames a cree cape) 159 

Wrellig fics. <a ccd ove cten eae ace tae vO Pere tg Rane ry eee 159 

Local «supplies 4. si2..8.G0 pis ne hae ye ee es 159 
Conclusions «:..ck0 si nts bce be ee ee eee op ee 159 
Elizabeth: City .Cotanty sc 0 <ckisgs <i ie re ae ee Se ee ta 159 
General, deseriptiin, x). \.fha Gna v'n weeks vse cm ea a a a 159 
Geology: <2 Sin. Jen ead: ein iles ie CN OAS, 20h ae pts ee ieee 160 
Underground eters. «..<.:.. 9a nlee eee eee ee Dae He rice Mie 160 
Distributionhand ‘quality, wort | Gace: os ne ee 160 
Spr bn gs iba /cte cuss" Wiaiey 0) ate hee tess scene pena i ee eae ee 160 

Wells... cuit leetasratcnk AG aeons 5 ie ee ets Ratt ee See ee 
Local supplies: «5 iacciyuanigs edly tants MOO ae dae Baines gies ee 160 
Gone] sions)... 5129-05088 EF Gen Wh Femi, LE TEN a ao ee 163 

Hasex; County io) heaven Pe es Pere a ae ars IONE Re eet eg Re 163 
General’ Deseription imiskgeecs 05 snr wot Ree se Us aS ee 163 
Underground «waters '.s sist. 2s sus eae co ee ee the RO 
Character-and extent) sc... ¢5244-. isan 9 te et he ee hee Ga 
PIPTINOB... Weiss guess Hele a See apmea ties Sees we Meet ee ee 164 

Well ligtd gsecdiged clsnestah dys ao aah 4 svt sare tk al tae ad) Si reel aa el 165 


CONTENTS 1X 


PAGE 

SeeoERre ULES) OT) cs MMO tM ete Li cetee Ny ag a, fee Naka Ps 13 fan dhe. ks ee we eho 169 
TEE OIG a ee eee corel hee ak tay Hoa eget ese es ace Nhe. hwy 5 169 
SeRPLY ULC LEOREUET THU LO TS eR eas At ce Sal bees acre oouad cca eye 4 to Higa UR OA 169 
MOAT EC LULCD ERM, GROEN chit AW me one rfarete rete UM LAO Oshawa Gh. AACE HEAT Laps 170 
Occurrence and character .......... De Ae AAR AR TA GRONS ORME AT he's « 170 
SCTE ee Sonhd oy =) i ie OS PR Oe nce ral ne ee ae Lag tS 171 

Vinee en ee meee ie tas oy RPM a “Okey eh TAM eld RAE dx Ly 

ee MPLA Le Meter it el it was tee Fg oh od Hee ORE Ae 2a od 171 
Gare Ge en Tis ie ote Ae tet aly eins de APU lg eve 175 
URI OE SECT URLS RRL ial Sore AR eo eae React pC ak AE At eg ee an & 175 
ome STE LIN LO Tirar cea oa ae ren haters enc BM a sd CO wk Ss 175 
EIA Gites sae i UBER OG GE araeont stat oats Ska eure Ee SESe CY. toe re 175 

PM POLL EWA LOLM at Mele endeMe teen Ue Gae heat? tearm nk 175 
PSOE T DUG OLE. MIRCEA TULLE Yoo aie eo elas nine o RIGS beac AUN) ratgeeesd cc al ss 175 
Be) Ah ed er ae eMart ea ccs Cate hie lale a Ske ie ror xc Sear aga MM Meeks  PEPEGE RED lee 3 Ss 176 
NCLCLN Se 2 ge Ro dS. Ee eae rN iy PERE pean ee LLU At dn Ge 177 

PCIE OLD Pilea tee een a kite) Cae logs fos iy Aah cee TO yae ed ALIEN BETA Ea wee os 177 
MPSA ROVE) SUMO MR Cem el tey ee pee Ab pn dae gel 6 ss canton otore +, Aree Yap ATSG GAY + lo a's 180 
PEROT e cL ORM Ng Ree A Age aes eG, ce aE reed ae A Oe ars 181 
eiseEe tans CnCel DGlOM edt gi dera 120 yes e «Son Sethe tye nd aak SLAG Mai sak ONE Road 181 
REL Vee ee de th eee coat ds iols SBe G, <etnd Saot Mak nese MN gd be aja 181 
COG Les Fei bitin 20g TF Sy GD DA ee oe as ee ar oe ec ee a 181 

Die Ue atriied CIR Ce ULLG Yves! spe aip fie se wed akg Sy ASPEN eRe se a's 181 

erm LLC SMITE eis ANT cb dye oe Sie iy esa A Ww AT eal Sarto 181 

EE Ce Tame tN eM yest. ri lo sews + ahs < ee SG EASE ged TAM sae oe. - 182 
eer We CCRC T TCT iy. Maat fae se © ouiar edie te sow. ira Acces Une ous as Ves 182 
ee eR een ot, PN ery 8 e a? wes ay eS WR ee MEG ae Ys 182 
DORR E eres EM MEW SOLS 42h 2. elvis 3) x Seas sos etree icin cee cemahenn Abend endosteal ost dl x 50 183 
aR e PCr aT, CUATHOLOT c..c.°5 <fo-wsl wie a cloud) ~ wah braved ead or oe 2 183 

Sek NTU) 2 send ie ec aee a e ca ea P e e  nee P o 183 

Pte. CHI) TG SIY dan ot ea ge i Ree ae ec he mae RN PNY ee 184 
SS ET A ey aa re. Sestak APL Ges tees wok hs ents Geet ER Seder «Cato 187 

LAR TWh oen 18 LEM v9 nor OO SM We eee eet: er See cag Oe Demat wear ae ee 187 
eR MM LCROLA DULOLD hel aig hte lat ae a ee Bhs ee ele wh dias Airis EES 187 
Ree pat Va Ee oe gt ak dh ees ee hes INTEL y Decherd Aba Seige 655.3 187 
ee ere eres Ir LSE Certs ee es ene ere eh ees add ie = beet > Awd eRe «34 Y a 188 
PAGED AO Lie OC CUALACLOIN 10h arse nee 1 enue Gh cle eaxigeed salen S025 188 

eye 1G ek Pe pence ote See ROME ae eee, °8 See a ee Peg 188 
EEL a aes Ae NE eG ag ia Rs ee Rd oP Pi 189 

Ae ecm 16) Comme ter te Veerere Ni 0%, Ge oars, ev iayls Xo whe a MME Sie 3 «2 190 
Hear oTC AVE MATIN alge se J RR Sei 2k anh aig ee em cca fa 192 

EA ame IRE COLUMN COLILUDY Soe arte thn ok Was ae kg chicas Rig 4h vay ln pr einai edith: » 5-4) 192 
Speer LICL Pb LOC ay tty dee erase oe ira kena: he AN TOs 10, e Ha vag a oh odettg Soears 192 
Oy er Rr OR at Dy a ei hors gd, ao cask oa abehateeed i Hieeet » A aialaietabe eV 4 9° 193 

UTA ECTS UI STER Oe CARE Pee er ta ea eo tet ren aden ckccly hoe, 1h 9a dns ge EM AED ood 9''“e!s 193 
PRE CL UULDLOt mate ULE. 95 5 Ne adc ap livogd hk ledeiagmanimtane gs ri 193 

SP AD oe THEgSTe Voto GAR So Siac nas PRT a ie eat ie ey aR a en OM nn POP TE See Ree ae 193 
Peel bt Rete cae Yes rig ee end Cas Sales) weit of wie ho gece © aR 193 

Rie MALT DLL Ln eae Sees hte Re ids, Gan ete cig ut Sa acatler vies Oe atpihdebane Ste ye ele 194 
cy Ne ae PLOU ES. s AINes id EEVET hs cc dhr cs amin ames ye aya aes <2 194 

PLO WAnOueWalisnalOnes DIdGK Water IRIVOR si eo a4 ss ol wyotin Ms om 2 9 «2 195 
PORDUECLT OLED. Pics ee i eescrs li Soa srht fo MIME APTA moh x ce eee. 9 Shp APA Reena, RFE tS 196 
Ube. CAS 8 (OG iy ae a AE ah ee ak gta oP ap eat NE Se, We Lier a Samy Pn, Reem 196 
Ee cat aig Noga Re fery  agrrlas ig Maa oe ig cone po 8 Been. 7 a eer ee See pe ee 196 
DCO Nn ty ete ninco ats hatin act Gy eA ae sie Meee ha tie « Sebo AUT GT «= 0-4 196 
TAO eI res WALES ah ce retin een) ets ee att Mamas Recent ae bin S205: 6 5: « 197 
PPIBUT UU bLOU a eRCLY CLLLLEL Y hank och sun ates ab wine © as OES oe Sareea GEE. oy «!!a 197 


SEE LT (eee Better Cath Cat ork ni ios wi hum scl Mase hola RN Pale pe tay ae «6 197 


x CONTENTS 


PAGE 

Wels 5.3. ayee. oa a, PWN wR Saks op ABER T So ke Sila a WT Gt ee 197 

Local ‘supplies? 6545 is yey es Kea gm Bie vig Soke 197 
Conclusions ys nv hc Se es on BER SRE Se oa ee Re ge eee 206 

King -and) Queen; County G2 0. Be 0S ay ose 5 ee ee en 200 
General /deseription® 2.54.65. sfehys Wikio.) 26 eh aed sake ee Sia eR ee 200 
Geolow yn ic. ni pas ec ed so Oe Se 2% UP eae wh 8 oo Gls ee oe ee 201 
Underground “waters 3 ww Porkak ec ae Ge eae en to ech, eee ee ee 20) 
Distribution and rquality 2.) gc5 ¢ 20 ba'<.5 << pet ic alley ee ae 201 
Springs ei 2p 60 ev AS abe bisk Sd oie Wha Bees och eon ne 201 

Welle ti. coe tiste Hae f mbd one oes Lee 8 kG yk es Oe ines ee 202 

Local ‘supplies! aiiys as oe 0h. aK ERs Po eee ee Ee engin eo eee 202 
Conclusions © <4. 432 Ua Fes on Rl tee Meee ae Ney ee ee 204 

King George»Oounty 4.65 2u0s 0 6 oie oe ae vee © ne ee ee 204 
General -~deseription |. 2s. Sow 6 5c PAs pee cae ne ee 204 
Geology fs ai news: pe Rak ag AE Biase Mae oe le ea ee 204 
Underground “waters «<).<03 iss 44'5'¢ 33 bo es ons eee Ok een Oe 
Distribution. and ‘quality «02,24. Vege eet eam eek, ee eee eee 205 
Springs Hoch 15.5 eae Res 54. kek aah eee a ee 205 

Wella: 6:6 slash wh ls SE CROKE Oa et pe ah ork eee en 205 
Loecal:/suppliesot. cra .o.4G.4 50% BER eh 8 oie eee Ge eee cen eee nee 205 
Rappahannock River’ 44 Cow eieccy sos et as cas eee 205 
Potomac: River «.4 5. bau. .054 Ae Baie tee eee ee 206 
Conelusions: lis jc vaca fv oa gel ee eee ee 207 

King ‘William. Qounty: £i0g 5s ea ok fps Dee Seine an 208 
General. deseription) 2.54524. <5 iv oa. nt hE pe oo eee ee 208 
‘Topography 0s. /s Vso 3 & eb kas 2 008s Pee ae ble eee eee 
Geology «2 S2.ite Ps Se de x EO bee eee eer 208 
Underground, waters: (44 a. 3 ta 04 O15's Ey ee er 208 
Distribution“ and ‘quality * is. 0 4.5 aa ae ee 208 
Springs!) 4.43 shh Gy FSG 4 56 5 WS 5 as Be ah ie Une ee) a ee 209 

Wells ccaceleisg ohh ceed ade res TL e ieee Oe eee, es 209 

Local supplies 15.2354 443 04 24.6 Se gs SEE Se eee ee 209 
Conclusions * 2.33 32:5. paed bs i pen BYS €elde’ yp ee ee he 213 
Lancaster; Gounty s3025 3 slers es « oss woe oA ae ee oe 213 
General, deseriptiom ois 060209 b« 0 os eee eee 213 
Geology 24 s(sbietn kee ed eae aE Saul eee cee 2 ee 214 
Underground: Waters « e.'yiohs.0c)-c4 my eae oe gee ee he 214 
Distribution and quality’; «<9 54.6. \sre te pes ciaes ee ee eee 214 
DOPTINGS 4 2x «ae stse hia seh See Lae BIS bn eek gr he 214 

Wells) cc.0 8 ach eka one baron elie Se ot Ate ae ple eee 215 

Local supplies: .icch.cr sw eeec es ey Satie see eee cae 215 
Conclusions 9 i).64n95 22865 RO ok ae ee Se een eee 
Mathews’ County +s. #.080004 okgive eee ty eg tee ee ee ee 219 
General: description ™ iy. a! ss.e0a es oe ee ae eee ane Se 219 
Geology = 63 0d ¥45 Wide pie hee ee ec wena ee Deane ek Ace oe ea 
Underground. waters) 2% 145.5540 Gree ee te 220 
Extent and character 2515 soo. tae ae aay eS 220 
SSPTIN GS ee VLC Shi eeele hig ane eh aa, yes or 220 

Wells: 4 iia We pale ta o8 Bo Piao Hai toe nee er en 221 

Local. ‘supplies, <2uphecilssa:c8 2 5 teed oe be ae etree eee ee 22] 
Conclusions \..0a3 Sires £55 GW Cre ee ee ee 222 
Middbesex: Coumty iss cot toeg Fe Oe ew ee ee Sa ee et 222 
General deseription «.... oats. hee tee as oe a 222 
Geology. i075. FN BIS Sad PRES eh Cee Oe ee a 223 
Underground (waters | iis Sv cstitw 4 @ cnt lao coe a ee ee 223 
Distribution and, quality. =: inte st span ek ee ee 223 
Springs sf Msgs ea lbca ns saves 4 et pew eee os ye ee 223 


Welle =) chs ow vib whi ddie nes ete Dee ee O52 ose 2 ee 224 


CONTENTS xi 


PAGE 

PES OTE Fy Dpey ee a), 9 Re Ji OS EM a oer ha vis. Ltt oA ea ne 224 

SoH OLNGTG Ti Samm Ree xs 2th hate Mey UE Mike GAG OSs alate ARs 2 00s 227 
BOER SH TTD TR Lehi coin Angle ae Cake hee aie 9 eR CRA QR ae ian en eae me -Y-Y 
(PEMGTR ROCCE DulOte to te en whe tithe vide t eee Oly AE win ioe 227 
Carey yok dt Us POS amie ee REL? a ta ee ae eee 228 
(ERG ES Say Tene SLY OL er EN oo eked Alececn ange gle Fae are ire er ae aay Se Rae 2 Cnn PS naa 228 

PEC EeLPatOC SCIECEIDULSON Le weet et AM er Sue bas. b avtie esis cs Nae Wte bls 228 
ttt a eee rere Ree Lee ine Bet Ghmveie a WE neces Oe AN via aid & we nig 228 

sya Me OEE EN ede Suh ACS ere Aa Ae gt kw Nee ee end a Fie we eee eg 228 

Sere: DE COLI TUS PENI 5 Andy RO nice Rah Wie va las EM a pe nae te le Sones i 229 
ee nar Clsdenorbuc Of Cail Oller. yas: ong ta cia et ct tas geld aly Miata vs 230 
RTO IG LOTESON ees spt Cre LR Ae nb ren te Hs Fe, 231 

IN amen ME OUIIIC UM erin Ge a OR Oc eee Fuse aie! ee NEGA ae y 231 
retior Sim CLOSCTIDUION Veprek ta er ate adlsremtale aie Me Ad are, Medina Nee) oreh 
Serre ea et eee 24 ayn eu, os tee, WE oA ee REN ae Ray Pe wel bie 2S 232 
REPEC OUTLAW ORLOLS Meg eee tee ett oe wes Meee eee Aide melt 2 ale e260 0 232 
Lemna OTN ANI eC UALL GY oe ceas tre ce sea letersi eee we este 9 eso 232 

PuG Oem ir ie citer tr ce See nes Sedum aa, Fawn Aeete Mae SA PE Be te 232 

MUST” aris Ae a BRO ey Wr eae Parle So Re eri Oo ce We ee ee Oy ey 233 

it rea RULES TMA Od aerate ing Cte s (cad 4, Sedu 3 Fives, thd Wels Woe poe Oe Tee 4 233 

I ORCRUE LOUIE Mt teu ot 9h 2 ah, eles i Dace artis Aq Eke sy cE oe male oe 4 235 

eke ct Ratt) VR har hae eto, cyt 4s 4 A ad ee Lede as OO 
UGCA Be PET Wo C0 a Pet a Pe eA Dian al oe er ee 235 
Ree a errs See Es SS Ee kG hn ek Lae YE ends ee oe Re wees 235 
Mera CER UU LOT A te a Md ia ena er 5 eis ee poe. A AAA et ee ed 236 
SEM OUil time Th COVALIUY secs she ayia fs AACE So SO Re ts Oa Ie anes 236 
Gt Re eR vik stylet eee eA BUR oe ae ae woes 236 

ies MMe Pht Mads. elie tear akc San G9 20k a bck me eR dre wid ROU EE ws oes 237 

Tie ae LL On Met Meee he Sie Bp aa le eye a/s Ziska aah PRS wh ww 237 
eK PareL LMNs ee ee We: BOE Clad, Saue Ma Sly Vet a trig) ices Ck eT eS 243 
POMEL ECP OUNUMMa: sea, ter 2 ark eee ehh a aye ue eS wf ate tale Styne Sk 243 
SORT eeON GION. mia et tcse «eee erate, 8. eiaie ot Ae lege atta wale Se 243 

PR CCEK Vom retire RATERS pale iaseeS oe o Malu kite f Ip Aa aA ecicke «see aU ey, nideds 243 

HBO CEMA MOV ALOT SUEY cist Camere Sond ei esns Ticlah ew paewala me tah 243 
PSC AT On mand eq UaliL Yas eee ae LRA, fda oP aes ties a hes Se 243 
SOLES DAL Aon A Ae SAE ae Wg oe Sk me ie Reg a a mn ha 244 

Ves RS et ae cree ty often Mem OMI ad Seer fouks Gye ey dled Ba NS eR alas 244 

PGCH SUID OMCE S wasters sue eke ed eed ed fe Cede PE a ee aA ee 244 
RPOUC AISI CUED Sista toe sd Oe cake Steere eae se Sal ans 2 RMON Bes, a lee 248 
POEUN eer me COUT G Vuere venteak Seo Senate 2 8 ned le RAIS A ed de EE oc es 249 
PrONCUAIeCLEROrs PUIOT ays oh hee ee cre eG smoke 4S aig kOe SS we ys 249 

CTO LOD Game ae ye SRR a ee ee re Lee Ms Saha ROMS 249 

EN TOTEPrOUD EM W ELOE ta fire hae ahs even tia oe SoMa aA ee asc kG ies AR © ees 249 
DSeE I DULLOU se Ne US LG Vaca, om ped Toy KEE ely aN GeeeneOe Fels 5. 249 
BOT LAl ree et BT Ae GAO heed 02 BD we Gs hats. pa 4d dks Se ae 249 

Vc Lumens aa emer s C 8 aioe ivf rye gis gs (Sg CEN Rae Oks. SER MNS ONTOS, 2. 250 

Facal supplies: 2s .ac cd sda pei nen ca BEEP a ek PE a ees. 250 
OTC! else me rene mien PMs fy eects ber oe ahs Ara eH set oo oe alee oe os 252 

PSU LTeeia Ct Orne OULU Vr Cis ates ak atta Fare Guia Urb Oa ade Re te a 252 
Cee re LEVOBCEI UL LOTiramtnd:, or teed 72 ote Ae aiden sds, peo Eas ae ate vid. 252 
Cea Lt) eR ce MENS 2 os Sta). ad oo pA Ayaan eAi2.2. 7 si MOP OENRS a 252 
LESTE Tara C1 0G ORS Wr ha a rag Hee cee Wee Oa) eh ane Oe Pee tC are a 253 
Distribution and quality........... Be bes PAU UES Ute ROR ic 253 

SPUD LOY os. hye OU Sc Pe eR ay cg 2 a 2 253 

NMS oun nen ee ete Aso 10K whe a. to Ge BAR ne NN SIT Gc PRE Wow acs 254 

MAEM ELEY LTCC mm SRI. acres shy w Chel gear Ae Meet le PROD Mss 2a eis, 6) 254 
SOO Merge 2 Ae tate be fark PO Yaa Fu op, dee Te hd eo 255 


PES ERTS ORME toc Ee ee rei er A Nek) A ee A 256 


xii CONTENTS 


PAGE 

Genera) description ¢. ova genoa, pee ee cee Who ate whi sas 200 
Geology rie Nel ws ai td ae OL Ue Chel Vk Sle ee ee ings bie 256 
Underpround sivaters.6 cee. 2 ee ‘vac3% oehelh Kes eee abt 256 
Distribution and! quality, .... 222.5402 1 <> Ree conn. Gineiediey is am 256 
STUDS ie cote eee ls eae’ Weare eect ea ean Cae art he aeeae ae pe ho'ge 257 

Welle titi iin VG 2a da Soe a en ee ee cee pa te oe peer 15 | 
Localsupplies (21.45. oea ke Leen cee ie ‘Tye yrialh foals ease ve 257 
Conclusions (iipfon en has oe ee eee 259 
Prince: ‘William ‘County oc hy ec5.5 $e see 4s A oe eh 260 
General description <4 6 .0¢ssAen sd cent bet ae cl ee eee 260 
ROOLORY” Seas cee kee. ah ae Se RR Be EPO Eg aR nae a ea eet a ae 260 
Underground waters 5 2) 94 teas aadth ew Ais en ge ee es 261 
Lotal “supplies 4)... ein eek le sea ars aa ees ee ne 261 
Richmond" County: ete) fvede de ee ooh oo 4 ek oa ees Eee oe ee 263 
General description. <4 aqeaad ns am yo cea a ey ee Pe ne 
Geology 6 ide Db ata geen j aty ents toe eb se eRe ae ees 263 
Underground ‘waters 240). 142) a4 5 ER ee ee eee 263 
Distriblition and quality: iis 425.044 v4.06 oh at ees a a 263 

BS OTU TAS ods hela, Sm id waa erento RS ae yA 263 

Weal. 95 os. sec soe P's Gate See I Rad a 263 

Loéal supplies) $07) acl. ae ie ae ylek cease eo ees 9 264 
Gonelusions xii sie Van 5.55 a ee co Oe Oe eae ra ee 266 
Southampton  Cownty) Vi2is0e dew 2+ ihe oe a ae ee ven Rar 267 
General :deseription. | 5405.45, bls © da Sh et a et 267 
Geology: 045 oilwie nck, oo, sn ak Biv es be ee ee rn ee Bee SOs 
Underground waters ..5.2¢.26.4 + yos «oo PR ae eee ee 268 
Distribution. and quality... s Ci 55 2s eee ae eee eee es ee 268 
Springs ge s/he CRs 2S a ee ee 268 

Wella? 228 oo natasha ea & San A elk ay ee a ae 268 

Lotal: supplies. © ei c/ gas oils (ee gel ek See ale Bk cote, ae ee 268 
Conclusions’. bita'si a4 «0 4006s cis neous ery ams ary ae gn 272 
Spottsylvania: !County: ... mn ..4 4:22) xo danas Cas epee eaneen: Rep aaeemenmia nok: 272 
General ‘deseription)) o.oo... .aeye sa ek en 2 ee 272 
Underproundgratere® 20 wc. 2h Le gens oe sg ks a SRR geet epee: an eke va via 
Distribution, and quality: 3 o.5.94 5) 45 Rt eae ote ae eee es 273 

SS PTEGS oi ao: ono 2a thy «Susy ie ep ate Oe ee 273 

Welds teen be ga wiz em ee rd Se pn 274 
Conclusions) 0.2.5.5 oP54 8 oi 2 eae ecg ee ea oe es 274 
Stafford Ooumty., .sk4/ ts owls bak) oni 4 ated ied ee eek, ea 275 
General description)... "05 44.445 » >.< 4b aR ee eee ee 275 
GROOLO RT. Less ea ho alawr opaien 6, Saale Ayeke ere, 2 en tee ee 275 
Underground “iwaters gape sats. elie < ste ce peeaer renee eee 275 
Surry County ss 5 vst altho « Plas oni Ses ois a ee kent aa Renae Rha eee 
General. deseription) 4.4... 20.4. wie ss ss af ia ates ee ee eee Sean 276 
Geology’) oii erage tied fajote Sepals tees oer cea on 276 
Underground. water'gy ya Fe Ba 2 ccs Eee basen gee ee 276 
Distribution and: quality .).!)4<e4 ages nd ae ee ee 276 

a Lb: era ge a ee Ne perenne ey Yh Chae Ie oftet if So ans 8 Rene emg 277 

Wella” os x awts deed Shiela Sins eye ee ee 278 

Lota), supplies? : Ac ati s oa 9s sei ee See ee eee oe 278 
Gone usione \ si6 gis £i'cle a tie gs She arate arc ee eee ee 280 
Sussexs County ©, 2s /af sins ase se Moen ard a 4 ore) oer eke, ets Pr ae aR a a 281 
General deseription 02% whale «5 42 tbe aes earns Wee eee nae 281 
GEOLOD Yo! ev, 5 sles bn ope gt rye aw einen, Dane an eae ear ace 281 
Underprotnd waters? ohiis5 sala sit eee ce ee 281 
Distribution sand) quality, \. oats, 2-2 oe ve es ee ee 281 
SPIN GG vig. an 1a iS Sect tis eee ch et ee ne oe Sd 282 

WUE 55 soo PE 4 aia ee Seer boireeay siege pected Raed ory eae a Ay ae yi! 282 


CONTENTS Nill 


PAGE 

MCU SEL FS EL a tiara ae nda cei aaa olds» svzyeh hd ies sue 0 8+ uh eaten ee ee 

VA Ea MEER CO evLIN Ee Biever CAC em CRE, FOG e cr te ers ln ON ka ow SS in ee IRS eels tm 284 
PG 1e Pe LOBEL Tid Oni™ rae poh ee cee Ay ee ue sce y 11h ais wlameears OF 284 

ROO LOG Yay Rie tty. usc, aR ree oer ee EB da caw ck ora, 4s we mS calle eae 284 
Underground Waters wen ee ne et ee I aa ee a ew hl nae bp ws 284 
VITAE DOL OL OAC CEEL) Vater aie Be cen thy boss wie oh hos MY pts Midew nr aoe ee 284 

Sy tga Che and es ae Re ae a a Eb ety Le ite eR RED, Fe 284 

VVCCE Le OMe al Pum a oa ga Rees sali i cys ela Sind sak ie pamper ka « 285 

Pea S OULD eee Re Rc PERRI SE Yonah S09 ido lead fal pins moe ee 285 
Ore aU ma reer Rieter ete IAN E RSS yoda ly LEMS Gals «viene 4 sosc8 ene eh 286 
PVCeCHI ORO ATE CULE LY Aue ahenn ahs veser a tae si ieee SEB Lt mS? a Nenad brs Shaya gt OM 286 
6 EY ees AE Ve Teh rg eh an 31d ke Poh Ba ei Late ieee ANd avi gt eee ae ee ae 286 
EON Sa opin (Rai 8 A el as Be Sn lis ce a mS 287 
LEMLCEOTOUN Cin WAer Sather Ghassan he Gee eRe Cer ernst Sa mse es 287 
Piet PED UOD Aas USEC wei on, eau oe ee re, we oroee 287 

Nope) PT? on, chins AB Wel eapye ig Rl” hgh or ier NRA en En ang Reed ig Wr aperc a ee a2 288 

Ne Lene ee tah Se Oy NGS ee ayy eek LIM ll aioe GLa HUES tuk oy ye a « 285 

Te MAL SLC rn avers Otani ately ngewe EE VO A Mea B5 rca ea os 4 288 
ESPTECS TSS GY EEC ae MS all CO EN tah yee Sd pen oe ea a Ca TA le Seg ered ee 457 

Bando ETAL ne 5 gli ote EAR ore fathead cr ne ee ee 292 
Petal MEOGOCLd DUWLOLEP Merete nity ae ere ia aie oss eee es oe etl 292 
POLO a peer ey pee) LOR. eR MEN rk ee ci eA lg ORI EOS ov ot ema ie 292 
MUSE PTOUNG ATALET lds oavt Pe ee PORE hd Call LORE eh eae ea 293 
Bree ON UPA CER Yy Goan gat faa oe Cas umes nae MAKEN 4 293 

SE PLORITET I cht ES SF BD OS RS Raa COT Ec ark Lr Leng) rere We Tae 293 

TEES ete sch NG BRD teat eA A ay aes aE we Se Pe eae on nr 293 

ae TRL Gomme RRR oA nh Merri hcs lg a ~ nlssts- cots  scavos BveA MRS Yai 4 fed Loe = 293 
PEI LISP UM Re ate C1 RRC ARO GR RAE ga sty ny nd gpin eS gl He RIA a sD 294 
Pavulatecy data regarding deep wellBer es 0. eae) el ee eee eee gs 295 


Tables of analyses of spring and well waters................-00+ esse ees 297 


ILLUSTRATIONS 


PLATE PAGE 
I. Map of part of eastern Virginia showing flowing wells, and chlorine 
content of artesian waters in the Coastal Plain Province......... in pocket 
FIGURE 
1. Sketch map showing physiographic provinces of Virginia............. 6 
2. Sketch map showing distribution of rainfall in eastern United States... 9 
3. Diagrams illustrating types of Coastal Plain springs................ 45 
4. Diagrams illustrating artesian conditions in the Coastal Plain Province 
OE A GPL, 5 sb. chem cee: sg PAR avn dee to aaa > oe Sets I ae cr torte pen 52 
5. Diagrams illustrating relation of head of artesian wells to topography 
in the: Coastal.Plain .Proyince,of; Virginiavih cue. oa eee oe 52 
6. Sections across Coastal Plain Province of Virginia showing geologic 
relations of artesian beds and of wells drawing on them... . (Facing) 58 
7. Diagram showing artesian well relations at West Point.............. 72 
8. Diagram illustrating circulation of water in crystalline rocks, and well 
BUP PLY. weresscsy sad. n sede )atacksa = ws bikie 5 aso aeede Aine 4 Re eae, 2 ane Oe Oe ie 84 
TABLES 
TABLE PAGE 
1. Geologic relations and water supplies of Virginia Coastal Plain 
TOYMALIONS: Cilisch's pda Sis coal Sede Somes 2 ee ere 29 
2. Municipal water supplies in the Coastal Plain Province of Virginia... . 80 
3. Details of deep wells in crystalline rocks................... (Facing) 95 
4. Analyses of well water from crystalline rocks....................... 95 
5. Details of wells in the Coastal Plain Province of Virginia............ 298 
6. Analyses and field assays of water from springs..................... 334 
7. Analyses and field assays of well water from Columbia formations.... 338 
8. Analyses and field assays of well water from Chesapeake formations.. 344 
9. Analyses and field assays of well water from Pamunkey formations.... 348 
10. Analyses and field assays of water from Upper Cretaceous formations... 350 
11, Analyses and field assays of well water from Potomac formations...... 352 


LETTER OF TRANSMITTAL 


VIRGINIA GEOLOGICAL SURVEY, 
UNIVERSITY OF VIRGINIA, 
CHARLOTTESVILLE, December, 1912. 


To His Excellency, Hon. Wm. Hodges Mann, Governor of 
Virgima, and Chairman of the State Geological Commission. 


S1r:—I have the honor to transmit herewith for publication, as Bulletin 
No. V of the Virginia Geological Survey Series of Reports, a report on 
“The Underground Water Resources of the Coastal Plain Province of 
Virginia,” by Mr. Samuel Sanford of the U. S. Geological Survey. 

This report has been prepared by the Virginia Geological Survey in 
cooperation with the U. S. Geological Survey and should prove of much 
value to the Tidewater section of Virginia. It forms a companion volume 
to Bulletin No. IV, entitled “The Physiography and Geology of the 
Coastal Plain Province of Virginia,” published by the Virginia Geological 
Survey in January, 1912. 

Respectfully submitted, 


THomas L. WATSON, 
Director. 
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UNDERGROUND WATERS OF THE COASTAL PLAIN 
PROVINCE OF VIRGINIA 


BY SAMUEL SANFORD. 


INTRODUCTION 


Scope of Report.—This report deals with an investigation of the under- 
ground waters of the Coastal Plain Province of Virginia, a tract of country 
some 9,500 square miles in extent, which roughly corresponds with what 
has been known since Colonial times as Tidewater Virginia. The pur- 
poses of the investigation were to continue the study, begun by Darton, 
of the artesian waters of the Coastal Plain, and to examine the waters 
obtainable by open wells. Thus this report covers the occurrence and char- 
acter of both shallow and deep waters; the geological relations of water 
beds; extent of artesian horizons and areas in which flowing wells can be 
had; methods and costs of developing underground water supplies; special 
adaptability of waters for domestic or medicinal use, and their application 
in agricultural and other industries; the relation of well and spring waters 
to the public health with particular reference to water-borne diseases; in 
short, the report is intended to answer those questions relating to under- 
ground water that would be most likely to occur to any one interested in 
the subject, whether resident, homeseeker, or promoter of industrial enter- 
prises. 

The facts presented were collected through correspondence with post- 
masters, drillers, and well-owners, and through field work. The cor- 
respondence includes the data received in answer to circular letters sent 
out in 1905. The field work was done by the writer in 1906, 1909, and 
1910, chiefly in the fall of 1906. 

Acknowledgments.—The writer is under obligations to N. H. Darton, 
geologist, U. 8S. Geological Survey, for hitherto unpublished data relating 
to a number of wells mentioned in the text. Grateful acknowledgment 
is made of suggestions from M. L. Fuller, formerly geologist, U. S. 
Geological Survey, regarding particular questions that came up in the 
progress of field work; and to many well drillers, especially J. H. K. Shan- 
nahan, Haston, Md.; R. H, Milligan, Crisfield, Md.; O. D. Hale, Whealton, 
Va.; I. B. Clark, Accomac, Va.; L. Rude, Tilghman, Md.; S. H. Fetter- 
holf, Achilles, Va.; H. E. Shimp, Cappahosic, Va.; J. W. T. Robertson, 
White Haven, Md:; and J. V. Bray, West Point, Va., for information 
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regarding wells and the occurrence of artesian waters. Acknowledgment 
is also made to Froehling and Robertson of Richmond, Va.; W. H. Taylor 
of Richmond, Va.; the H. Bentley Smith Company of Philadelphia, Pa. ; 
and the Sparrow’s Point Boiler Company of Baltimore, Md., for kindly 
furnished copies of analyses of well waters. Many of the analyses were 
submitted to R. B. Dole and Chase Palmer of the U. S. Geological Survey, 
for recomputation to express results in the form adopted by the Federal 
Survey. Finally, the writer thanks the hundreds of persons who gave 
information regarding particular wells. 


Literature.—Though many references to the wells and springs of 'Tide- 
water Virginia appear in narratives of travelers, in descriptions of various 
points of interest, and in accounts of military campaigns, the literature 
distinctly relating to underground waters is scanty, and is largely confined 
to the writings of Darton. His contributions comprise a paper before the 
American Institute of Mining Engineers,” a bulletin on Artesian Prospects 
in the Atlantic Coastal Plain,? and mention of underground waters in the 
Washington, Fredericksburg, Nomini, and Norfolk folios, Nos. 13, 23, 70, 
and 80, respectively, of the Geologic Atlas of the United States. By far 
the most important one of these is the bulletin on artesian prospects. It 
reviews the geologic relations of the water beds, contains a number of well 
records, many of which are reproduced in this report, and briefly indicates 
the outlook for artesian water in each of the Coastal Plain counties. 
Fuller and Darton® re-stated Darton’s views in. Water Supply Paper, No. 
114, and Fuller summarized his own conclusions in a paper before the 
American Waterworks Association.” The conclusions of Darton and Fuller, 
chiefly those expressed by Darton in Bulletin No. 138 of the U. S. 
Geological Survey, have been briefly summarized by Watson¢ in a volume 
prepared for the Virgina Jamestown Exposition Commission. 

The underground waters of the St.. Mary’s quadrangle, which includes 
a very small portion of Westmoreland County, are discussed by B. L. Miller 
in Folio No. 136 of the United States Geological Survey. 


aDarton, N. H., Artesian Well Prospects in Eastern Virginia, Maryland, and 
Delaware, Trans. Amer. Inst. Min. Engs., 1905, vol. 24, pp. 372-397. 

bDarton, N. H.,: Artesian Well Prospects in the Atlantic Coastal Plain Region, 
Bull. U. S. Geol. Survey No. 138, 1896, pp. 162-190. 

eFuller, M. L., and Darton, N. H., Underground Waters of Eastern United 
States, U. S. Geol. Survey, Water Supply Paper No. 114, 1905, pp. 127-135. 

dFuller, M. L., Artesian Waters of the Atlantic Coastal Plain, Amer. W. W. 
Assn, 1907. 


é 
eWatson, T. L., Mineral Resources of Virginia, 1907, pp. 268- 
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The publications mentioned deal chiefly with geologic conditions and 
particularly with artesian water ; references to the composition of the waters 
are largely limited to an occasional analysis. W. B. Rogers” in his report 
for 1835 gives an analysis of a spring at Williamsburg. In the Norfolk 
Folio, Darton gives analyses of the water from two flowing wells. Fon- 
taine? has mentioned an alum spring near Fredericksburg. Peale, in 
Bulletin No. 32 of the U. 8. Geological Survey, gives the anaylsis of a 
spring near Richmond. Haywood, in Bulletin No. 91 of the U. S. Bureau 
of Chemistry, gives a detailed analysis of a spring in Alexandria County. 
Froehling and Robertson’ have published anaylses of five springs, two of 
which are mentioned by Watson in the report already cited; and Fuller, 
in his paper before the American Water Works Association, briefly refers 
to the quality of the water from different horizons, and the general char- 
acter of the mineralization. 

Nowhere, so far as the writer is aware, have the characteristic features 
of the artesian waters of most of the Virginia Coastal Plain been discussed 
at length. 

Results of imvestigation.—The study of the Coastal Plain formations 
in Virginia, the examination of springs and wells, and the analyses of the 
waters, have shown that plenty of water is to be had, and except in a 
limited area in the southeastern and eastern part of the Coastal Plain 
artesian supplies of abundant flow and excellently adapted for domestic pur- 
poses can be obtained without difficulty. Enough deep wells have been 
sunk to prove the existence of several widely extending series of beds con- 
taining water-bearing sands, and it is possible to say at what depth, at 
most localities, a particular series of beds can be found. 

Dug wells are so cheaply sunk that they have become the main source 
of domestic supply. Many such wells from their location and the insuffi- 
cient precaution against the entrance of water contaminated by organic 
wastes may frequently become dangerous to the public health. But dug 
wells properly located and protected will, in many places, yield entirely 
satisfactory supplies. The deposits underlying the terraces on which stand 
many of the towns and villages of the Coastal Plain transmit water readily, 
hence springs issuing from such terraces or shallow wells in the villages 
are easily polluted by filth from vault privies and from cesspools. 


aRogers, W. B., A reprint of Annual Reports and other papers on the Geology 
of the Virginias, 1884, p. 40. 

bFontaine, W. M., The Potomac Formation in Virginia, Bull. U. 8S. Geol. 
Survey No. 145, 1896, p. 68. 

eFroehling, Henry, and Robertson, Andrew, A hand-book prepared for the Vir- 
ginia Commission to the St. Louis Exposition, 1904, pp. 97-159. 
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The mineral content of the well and spring waters varies greatly at 
different localities, or even in the same locality, hence both the deep and the 
shallow waters are variously suitable for domestic use, boiler supply, or 
particular industries. The most striking characteristic of the artesian 
waters of certain formations on the west side of Chesapeake Bay is their 
relatively large content of sodium bicarbonate. In this aspect they differ 
from many deep waters. 


TOPOGRAPHIC AND GEOLOGIC PROVINCES 
OF VIRGINIA 


General statement.—The State of Virginia includes parts of three great 
topographic and geologic provinces which have been traced from New 
York to Georgia. In Virginia they are called the Allegheny Ridges, the 
Great Valley, the Blue Ridge region, the Piedmont Plateau, and the 
Coastal Plain. The approximate boundaries within the State of these 
provinces are indicated on the accompanying map. The two last are the 
only ones considered in this report. Because of the relations between these 
two provinces, certain features of the Piedmont Plateau are briefly men- 


tioned here. 
PIEDMONT PLATEAU 


General description—The Piedmont Plateau is a rolling plain that 
slopes gently eastward from the Blue Ridge mountains to where the hard 
rocks which underlie it are overlapped by the relatively unconsolidated 
deposits of the Coastal Plain. Where this plain now lies were once lofty 
hills and mountains, but weathering and the erosive action of the wind 
and the streams has reduced all great inequalities of surface. Since the 
deposition of the Coastal Plain sediments began, the area has been elevated, 
eroded, depressed and slightly tilted several times. It now stands higher 
than it did a geologically short time ago. The Piedmont rivers are actively 
deepening their channels, and are swift-flowing and unnavigable. 

The rocks of the Piedmont Plateau comprise crystalline masses, gran- 
ites, gneisses, and schists. The granites and some of the gneisses and schists 
crystallized from a molten state, but others of the gneisses and schists were 
once beds of sand and clay which after consolidating to hard rock lost all 
trace of originai structure by mountain-building stresses in time long past. 
The ages of these rocks range from pre-Cambrian to Silurian. Among the 
crystalline masses are detached areas of comparatively little altered rocks, 
reddish, purplish and greenish sandstones, conglomerates and shales, inter- 
sected and parted by intrusions and flows of diabase, a heavy dark-greenish 
crystalline rock. ‘These sedimentary beds and the diabase are of Triassic 
age, and the former belongs to the Newark series. 

The eastward extent of the Piedmont rocks is unknown. They underlie 
the Coastal Plain and can be reached anywhere in Tidewater Virginia by 
wells of sufficient depth. : 
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COASTAL PLAIN 


General description.—Seaward from the Piedmont extends the lower- 
lving Coastal Plain characterized by its sluggish tidal rivers, stretches of 
flat land, and absence of hard rocks. Under the ocean the Coastal Plain 
beds reach the edge of the Continental shelf, a hundred miles off the 
Virginia coast. . 

Gravels, sands, clays, loams, and shell marls make up the great bulk of 
the Coastal Plain deposits in Virginia. In places some of the sands have 
been consolidated to sandstones and the clays to shales; in places, also, are 
shell beds so compact as to form lime rock, but there are no extensive areas 
of heavy-bedded limestones, such as are found in the Coastal Plain of 
North Carolina and of the states farther south. The “rocks” reported by 
drillers are mostly thin, irregular layers of limited extent. Some appar- 
ently are compacted shell beds but many are streaks or lumps of indurated 
sand in which the individual grains are cemented by silica or lime. ‘The 
maximum thickness of the Coastal Plain formations in Virginia has not 
been determined. It may exceed 2,500 feet. 


GEOGRAPHIC POSITION 


The Coastal Plain of Virginia lies east of a line running through 
Emporia, Petersburg, Richmond, Fredericksburg and Alexandria, this line, 
from Emporia to north of Fredericksburg, corresponding nearly with the 
meridian of 77° 25’. Its length from the North Carolina line to the Poto- 
mac River at Alexandria is 185 miles. The maximum width, from 
Assateague Island to west of Milford, is about 115 miles. The total area is 
about 9,500 square miles. 

CLIMATE 


The climate of Tidewater Virginia is mild; nearness to the ocean tends 
to temper extremes of heat and cold. The following table gives mean 
annual temperatures for varying terms of years at a number of places, 
together with the mean monthly maximum and minimum temperatures. 
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Temperatures in Tidewater Virginia. 


(Degrees Fahrenheit.) 


No. years obs.| Mean | Monthof | Month of 














Bae made annual maximum | minimum 
Ashland! (sus is tea oo vee ae | 15 56.7 | July 77.7| Jan. 35.3 
Cape: Henrys... +3 ssc ee os ee ee | 32 Re cane tho wu pear LU 4 
Fredericksabure ao... s ae aes | 17 DO.6 LTT Dit eb poaks 
TLaTipton Va hs ca. ! antec wa cte eo ay ees 23 aes. ie ake eee 
Norfolle: 2a 1058) 2) aie ae | 36 Pa BBO On Uy SS TS Poteet an. 74 bee) 
Peperebure 2.2 2) 5.5 nae aad eee 19 YG 8 oe mean oe ere RRR > 
QUAHEICO 4 poaese Wear ate he Geers | 9 } +841 bile! bg: Be ys) eA Ra 33 
RichMondye YW fe vk al eee at ik rO8 20 ff 978.2) Jan. S820 
Spotteville )easc8. eae ee 18 | 57.3 CE Gon Ce yices 
Warsaw sc 5 as 6% 5-5 ce alee ie to os sR Ae ee ere ae ae Sled + Gy ale aoe ee 
Williamehing, f40050.); Vi. eee tae 15 56.3 = AB SOT Feb.cs4c5 
Washington,.D- C.\s.duee eee | 36 I 66.3.) HOTt.8.. Janweose 


The climate is humid and the rainfall, which is so distributed through 
the year so as to favor the growth of vegetation, is abundant. The mean 
annual precipitation varies from 52 inches in the southeastern part of the 
province to 41 inches in the northwestern. ‘The larger part of the precipita- 
tion is in the summer and spring, and comparatively little is in the form 
of snow. 

The accompanying table shows the average precipitation at a number 
of places for various terms of years, and also the quarterly periods in 
which precipitation is greatest and least. 


Precipitation in Tidewater Virginia. 











| Mean | Mean quarterly | Mean quarterly 
aPRe No. years | annual | maximum minimum 
: obs. nade |—— | —— sa 
| Inches | Quarter | Inches | Quarter | Inches 
See eee | OSS 
ASIAN pak gost | 15 eer: 9 ees: thee 
Cape: Henry cc. & | 32 52.34 Jul.-Sept. | 15.72 | Oct.-Dec.| 11.21 
Fredericksburg ...... | 15 42 25 | / 
Hampi. ae eet 23 43.60 | | 
Noriglkpeaen oe, 2 | 36 | 52.08 | Jul.-Sept. | 16.59 | Oct.-Dec.| 10.64 
Petersburg) ja): 4% | 105 4d ad | | 
Richwiond } oe aeons | 35 | 44.09 | Jul.-Sept. | 13.60 | Oct.-Dec.| 8.87 
Spottevilla he swetee 4 ly 7) | 49.12. | | | 
Williamsburg ....... | 11_,.| 45.86 | | 
Washington, D. C....| S60 94 4182 June-Aug. | 12.57 | Oct.-Dec.) 9.36 





A map (Chart 12) issued by the United States Weather Bureau from 
which the accompanying sketch map was made, shows how the rainfall 
diminishes in a northwest direction across Tidewater Virginia. 
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Fig. 2—Sketch-map showing distribution of rainfall in eastern United States. 
(From U. 8. Geol. Survey Water Supply Paper 223, p. 8.) 
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TOPOGRAPHY 


General description.—The average seaward slope of the surface of the 
Coastal Plain of Virginia is about three feet to the mile. This slope is 
enough to cause rapid-flowing rivers, but the Coastal Plain rivers are slug- 
gish because they flow through valleys that have been drowned by a recent 
depression of the land. Chesapeake Bay that crosses the eastern part of 
the plain from north-northwest to south-southeast is the drowned valley 
of a greater Susquehanna River that once flowed across the now sub- 
merged part of the plain to reach the ocean, then far east of the present 
shore line. Potomac, Rappahannock, and James rivers, the principal 
tributaries of Chesapeake Bay, are tidal estuaries to the western edge of the 
plain. Here the exposed crystalline rocks make rapids in the rivers; this 
zone of rapids has been called the “‘fall-line.” Because sea-going vessels 
could not go farther inland, trading posts were established near the rapids 
on the different rivers in the early years of the colony, and these settle- 
ments have grown to the cities of Alexandria, Fredericksburg, Richmond, 
and Petersburg. 

Terraces or terrace plains.—The seaward slope of the Coastal Plain, 
though gentle and as a whole uniform, is, in detail, step-like, broad terraces 
separated by more or less sharply defined scarps running along the river 
valleys and around intervening divides. The higher of these terraces or 
terrace plains, being oldest, are the more eroded; along river valleys and on 
narrow divides they have acquired a rolling surface and are sharply incised 
by the gorges of streams that head in springs or swamps. ‘The lower and 
younger terraces have suffered less from stream attack. Near tide level in 
places the lowest terrace grades into salt marshes; inland in places it 
carries fresh water swamps, of which Dismal Swamp, lying on its widest 
portion, is the largest. 

Topographic types.—Because of the varying elevation and width of 
these terraces and their manner of dissection, three types of topography may 
be distinguished in Tidewater Virginia. ‘They are here designated as the 
eastern shore, the western shore, and the North Carolina. 

The eastern shore topography is characterized by the low relief, under 
50 feet, the slight erosion, and the gentle slope of the land toward tide 
level. Salt marshes fringe long stretches of the coast and tidal creeks reach 
inland up shallow channels. 


The topography of the western shore is far more varied. Because of the 
narrow divides between the valleys of the Potomac, Rappahannock, York, 
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and James rivers, and because along these rivers near the “fall-line” the 
highest of the terraces lies 200 to 400 feet above tide level, there are high 
cliffs and steep descents. The larger tributaries of the rivers have cut 
back into the divides. ‘Their upper courses, locally called branches or runs, 
flow rapidly through narrow V-shaped valleys or shallow gorges, while the 
tidal lower courses, known as creeks, cross the youngest terrace by shallow 
partly drowned valleys. In places one terrace or another has been cut out 
by the rivers, so that here and there toward the fall line bluffs, or scarps, 
over 100 feet high mark the drop from a high terrace to tide level or the 
lowest terrace. 


The part of the Coastal Plain south of James River has topography of 
the North Carolina type; that is, it resembles the topography of the north- 
ern portion of the North Carolina Coastal Plain. 'The stream valleys of the 
higher terraces are more open and have lower gradients than to the north; 
maximum elevations are less; the lower terraces are more extensive. ‘I'he 
general slope of the surface is southeast and the rivers flow to the sounds of 
North Carolina. The above ditferences in topography determine differences 
in the occurrence of underground waters. 


GEOLOGIC RELATIONS OF COASTAL PLAIN DEPOSITS 


General description.—The generally unconsolidated deposits of the 
Virginia Coastal Plain rest on a floor of crystalline rocks that dips seaward. 
The beds just above bed-rock have an average inclination of about 30 feet 
to the mile; those laid down last dip 5 feet or less to the mile. Beds with 
steeper dips, 20° to 40°, have been noted in some of the formations, but 
such dips are local. The decrease in the dip from below upwards is a result 
of the initial seaward slope of the crystalline rocks and subsequent eleva- 
tions and depressions. A succession of swings complicated by gentle bow- 
ings or warpings of the bed-rock has alternately carried the coast-line far 
to the eastward or brought it westward of its present position, so each 
great series or group of beds has been laid down on the beveled edges of the 
series below. As the tiltings have varied in direction, the overlap of one 
series has swung across the general strike of the beds in the preceding 
series, and as some formations overlapped unevenly eroded surfaces the 
boundaries on the west are quite irregular. 

Thickness of deposits —The maximum total thickness of the succession 
of formations is unknown. The deep well at Fort Monroe passed through 
2,242 feet of beds; but the total thickness on the Eastern Shore is probably 
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ereater. At the big bend of Potomac River, northeast of Fredericksburg, 
the “fall-lhne”’—the boundary between the Piedmont Plateau and Coastal 
Plain—curves to the east and takes a north-northeast course past 
Alexandria, Washington, and Baltimore. This may indicate a bowing of 
the crystalline rocks into a broad trough having an axis that dips south- 
east. Hence it is possible that at Franklin City, a well would go through 
3,000 feet of sediments before reaching bed-rock. 


CRYSTALLINE ROCKS 


Character and extent——The crystalline rocks along the western edge 
of the Coastal Plain comprise an extremely old (pre-Cambrian) series of 
eneisses, that originally were probably of igneous origin, intersected by 
intrusions of later granite, and large masses of gneisses and schists of 
doubtful origin, and age, though sedimentary in part and as late as upper 
Ordovician. These later gneisses and schists, like the older rocks, have been 
cut by igneous intrusions and the entire crystalline complex has been so 
mashed by pressure metamorphism, that much of the original structure has 
been obliterated and a complex system of folds and faults confuses rocks 
of widely different age and origin. 

Shehtly altered Triassic sandstones and shales with associated intru- 
sions and flows of diabase underlie the Coastal Plain near Doswell and 
Ashland, but have not been found by deep borings elsewhere. This, how- 
ever, 1S not surprising in view of the few holes sunk to bed-rock outside the 
immediate vicinity of Richmond and the probable limited extent of the 
Triassic rocks. The submerged portion of the Coastal Plain, which extends 
100 miles east of the present shore line, is presumably underlain by crystal- 
line rocks like those above described. 


Bed-rock topography.—The Piedmont Plateau once extended far east of 
its present boundary as an undulating plain, in which scattered hills repre- 
sented rock-masses that had best withstood the wear of wind and rain. The 
streams had reached their limit in down-cutting, and the bed-rock was deeply 
mantled with the products of decay. By a seaward tilting in early Creta- 
ceous time, this mantle was worked over by streams and laid down as beds 
of sand, gravel, and clay. Since then earth movements have gently warped 
the crystalline floor into broad open troughs in some of which the succession 
of sediments is hundreds of feet thicker than on the ridges between. 
Hence, as the present rock-floor represents an original irregular rock sur- 
face, modified by what bending has taken place since sedimentation began, 
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depths to bed-rock vary at points equally distant from the “fall-line.” 
The Fort Monroe record of 2,242 feet shows the average seaward slope 
between the well and the nearest point where crystalline rocks outcrop is 
33 feet to the mile, but the slope is probably steepest near the “‘fall-line.” 
North of Richmond, particularly along Potomac River, bed-rock slopes 
coastward at a greater rate, and a fall of 100 feet to the mile is indicated 
by the records of wells at Alexandria. ‘This increase may mean that there 
has been faulting of the crystalline rocks near the “‘fall-lne” north of 
Fredericksburg.“ 
WATER SUPPLIES 


The crystalline rocks carry more or less water and along the western 
edge of the Coastal Plain deep wells have been drilled in them. The con- 
ditions governing the occurrence of water in crystalline rocks and in uncon- 
solidated materials are so unlike, that the chief characteristics of the crys- 
talline rocks as water bearers and the quality of their waters are discussed 
in a separate chapter (pages 83-97). 

Although under special conditions water may travel through crystalline 
rocks for considerable distances, in general its circulation is hmited. Where 
crystalline rocks are buried by water-filled porous beds, they contain, near 
the porous beds, water of the same general character as the latter. Hence 
it is not to be expected that wells sunk far east of the western margin of the 
Coastal Plain will obtain good water if the overlying unconsolidated beds 
carry water that is not potable. 








aDarton, N. H., Later Formations of Virginia and Maryland, Bull. Geol. Soc. 
Amer., vol. 2, p. 448. 


SEDIMENTARY DEPOSITS 


CRETACEOUS 


LOWER CRETACEOUS 
POTOMAC GROUP 


Eetent and character—Immediately overlying the crystalline rocks 
throughout nearly all Tidewater Virginia is a great succession of gravels, 
cobble beds, sands, and clays classed as the Potomac group. This is exposed 
in stream gullies and railroad cuts along the western edge of the Coastal 
Plain from Alexandria to Fredericksburg, near Doswell, and in the valleys 
of James and Appomattox rivers south of Richmond and east of Petersburg. 
The smoothly rounded cobbles are of quartz, or dense vitreous quartzite, 
some dark, some light; cobbles of igneous rocks are rare. ‘he sands fre- 
quently contain grains of feldspar, and where the feldspar grains are asso- 
ciated with angular quartz grains the sand becomes an arkose. ‘The clays 
show great variety of color and texture. The proportion of coarse material 
is larger near the bottom of the succession of beds than near the top; also, 
the upper clays are often rather highly colored, red, yellow and brown, 
while those toward the bottom have more subdued tints, gray and dark 
green. The sands of the Potomac group, notably in exposures near Rich- 
mond and Petersburg, contain countless balls of clay that vary in diameter 
from an inch to a foot or more. They lie scattered through the sands and 
are even jumbled among hard quartzite boulders of equal diameter. Besides 
these balls the sands in places contain large sharply angular masses of clay 
that appear to have been torn from some bed. Sand and gravel beds com- 
pacted enough to make stone suitable for building rough walls are found 
on Aquia Creek and Appomattox River. 

The Potomac beds show such local irregularities of dip that estimates of 
thickness based on dip can not be exact. It is probable that fully 350 feet. 
of beds are exposed near Fredericksburg and at least 300 feet on Appomat- 
tox River. Under cover to the east, as shown by deep borings, the group 
thickens decidedly. The well at Fort Monroe went through 1,400 feet of 
material classed as Potomac by Darton. 

The elevation of the lowest visible beds varies from sea-level at the “‘fall- 
line” to 250 feet in the divides between Potomac and Aquia creeks, Stafford 
County, and 300 feet on the hills northwest of Alexandria. The average 
eastward dip of the beds is from 30 to 60 feet to the mile. 
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The most striking characteristic of many Potomac outcrops is the 
heterogeneous mixture of materials. The sands are prevailingly cross- 
bedded; in places the minor beds are steeply inclined, but no bed is per- 
sistent for any great distance, and sections a few hundred feet apart in 
bluffs or railroad cuts show little correspondence. North of Fredericksburg 
and in the vicinity of Mount Vernon the upper part of the group is more 
evenly bedded. 

Origin.—The fossils indicate that the Potomac beds as a whole were 
fresh water deposits and the varied aggregation of material in the lower 
beds shows that they were laid down by swiftly-moving currents. The 
fossils are mostly plant remains, impressions of leaves and seeds, with 
here and there lignitized or silicified wood. The animal remains include 
bones of dinosaurs. 

DIVISIONS 


The Potomac beds were first differentiated by W. B. Rogers’ 70 years 
ago; he noted their composition and determined closely the boundaries 
of their outcrops. Since then they have been studied in greater or less 
detail by Fontaine, McGee, Ward, Darton, Clark, Bibbins, Miller, and 
Berry, and have been variously subdivided. Owing to the varying composi- 
tion of the beds, distinctions based on lthologic character have proved 
unsatisfactory. On the basis of plant remains the Potomac in Virginia is 
divisible into two formations, an older and a younger. The older is known 
as the Patuxent and the younger as the Patapsco, from the typical exposures 
on Patuxent and Patapsco rivers in Maryland.? 

Patuxent, formation—tThis, the lower of the formations, is traceable 
along river valleys near the “fall-line” from -Alexandria to Petersburg. 
It comprises beds of cobbles, gravels and sands with discontinuous beds 
and lenses of clay and scattered clay balls. The sands are arkosic and 
cross-bedded. ‘The clays are usually gray, drab, dark green, or chocolate in 
color. The fossils include plant remains of early Cretaceous types and 
bones of dinosaurs that have Jurassic affinities. The total thickness exposed 
north of Fredericksburg may be 250 feet. The formation dips east 30 to 
60 feet to the mile. 


Patapsco formation.—This formation has been recognized north of 
Fredericksburg and near Mount Vernon. South of Fredericksburg it is 
absent or is overlapped by Eocene and Miocene deposits. The Patapsco is 


aRogers, W. B., The Geology of the Virginias. 
bClark, W. B., and Bibbins, A., Jour. Geol. 1897, vol. 5, pp. 479-506. 
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clayey rather than sandy. he clays are bright-colored, and thicker and 
more evenly stratified than those in the Patuxent. The sands are less 
arkosic. The fossils comprise plant remains of Lower Cretaceous types. 
The exposed thickness of the Patapsco beds may be 150 feet. The forma- 
tion dips east about 30 feet to the mile. 


WATER SUPPLIES 


Sandy beds in the lower formation of the Potomac group, the Patuxent, 
underlie almost all the Coastal Plain of Virginia and constitute vast 
reservoirs of water, but as they are deeply buried a short distance east 
of the ‘“‘fall-line,’” making their development expensive, only a few wells 
draw on them. Most of these wells are near Alexandria. Near their out- 
crops the lower Potomac sands usually yield excellent water. Sands toward 
the top of the Patuxent seemingly are not so sure to yield good water. Far 
to the east the supplies become more mineralized and in the Norfolk area 
are too salty to be potable. 

The significance of the disorder of the Patuxent sands to the well 
driller or geologist is that predictions of striking water at a given depth 
at a given place are little better than guess-work unless the records of 
near-by wells are known. [Even then close estimates may be erroneous. 
Usually the best that can be done is to give the probable depth to a succes- 
sion of sandy or gravelly beds, some one of which should carry satisfactory 
supplies. 


UPPER CRETACEOUS 


The Upper Cretaceous does not outcrop in Virginia. ‘The outcrops of 
Coastal Plain deposits show a well-marked break above the highest beds of 
the Potomac group. Formations belonging to the Pamunkey (Eocene) 
and Chesapeake (Miocene) groups cut across the feather edges of the 
Potomac formations from the northeast. In Maryland and in North Caro- 
lina beds of Upper Cretaceous age, sands, clays, and greensands, intervene 
between the Lower Cretaceous and the Eocene deposits. As these beds 
have not been recognized in Virginia in wells less than 30 miles east of 
the “fall-line,” their extent under cover in this State is conjectural. How- 
ever, the Magothy formation is found on the heights back of Anacostia, 
D. C., across Potomac River from Alexandria, and the Raritan a few miles 
farther east. Upper Cretaceous beds were penetrated by deep wells at 
Crisfield, Md., Fort Monroe and Norfolk, Va. Back of Anacostia the: 
Magothy may be 40 feet thick. Data for estimating the thickness of the 
Upper Cretaceous formations under cover far eastward are not particularly 
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reliable. Darton thought there were 60 feet of Magothy and 35 feet of 
higher Cretaceous beds at Crisfield, Md., and 120 to 140 feet of “Marine 
Cretaceous” beds at Fort Monroe and Norfolk. 

The Raritan formation of Maryland includes clays much like those of 
the Patapsco with interstratified sands. ‘The Magothy is of more variable 
composition. The Upper Cretaceous material from the deep wells of 
Crisfield, Md., included greensands, fine gray micaceous sands, and dark 
clays. In the Norfolk-Fort Monroe area the Upper Cretaceous deposits 
comprise gray micaceous sands, dark gray, red and green clays, and gray 
sandy clays. Upper Cretaceous fossils have been found north of Fort 
Monroe by deep wells near Selden, Gloucester County, and Fairport, 
Northumberland County. 


TERTIARY 
EOCENE 


PAMUNKEY GROUP 


Extent and character—Along Potomac River between Aquia Creek and 
Matthias Point; on the divide between Potomac and Rappahannock rivers; 
along the latter from 3 miles southeast of Fredericksburg to 4 miles east 
of Port Royal; on Mattaponi River above Marricossick Creek; on the 
Pamunkey from Hanover to Piping Tree Ferry; on James River from 
Richmond to Coggins Point; and on the Appomattox between Petersburg 
and City Point, are exposures of sands, sandy marls and clays that contain 
abundant marine fossils, mostly shells of mollusks. The clays below tide- 
level are prevailingly dark-colored, usually greenish, but one, exposed in 
outcrops north of Fredericksburg and found by artesian wells along Poto- 
mac and Rappahannock rivers, is reddish to white. ‘The sands range in 
color from hght gray through bluish and greenish shades to almost black ; 
many are composed of quartz grains with a varied proportion of the small 
irregularly-rounded dark green or black nodules of the mineral glauconite, 
a silicate of potash and iron. When these glauconite grains predominate the 
material becomes a greensand or what well drillers term “black sand.” 

In the sands are indurated streaks or nodules that form dense hard rock ; 
these streaks are of irregular thickness and small extent. There are also 
hard beds composed largely of shells. At the base of the Pamunkey is a 
thin but rather persistent bed of dark pebbles or small cobbles. 


The contact between the Potomac and the Pamunkey near the “fall- 
line” in places is decidedly uneven. ‘There is evidence near Richmond and 
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Petersburg, where there are inliers of Pamunkey among hills of Potomac 
material, that the Pamunkey was laid down on an irregularly eroded sur- 
face having almost as much relief as the present topography. The total 
thickness of the Pamunkey beds exposed on Potomac River is 225 feet. 
Unlike the Potomac group, the Pamunkey does not thicken greatly under 
cover, and it thins out to the southwest. The well as Crisfield, Md., pene- 
trated possibly 150 feet of it; the borings at Fort Monroe and Norfolk not 
over 250 feet and possibly less than 100 feet. South of Petersburg to the 
North Carolina line there are no definitely identified exposures of Pamun- 
key beds. 

Since deposition the Pamunkey beds have been slightly tilted and now 
dip 10 to 15 feet to the mile east. Above water-level, owing to the propor- 
tion of iron in the glauconite and the easy decay of the mineral, the 
Pamunkey sands weather to shades of brown, buff and yellow; the clays 
also grow brighter, buff being perhaps the color most frequently seen in 
high-lying exposures. 

DIVISIONS 


Clark, who has described the Pamunkey in Maryland and along Poto- 
mac River in Virginia, divides the group into two formations, the Aquia 
and the Nanjemoy, of which the Aquia contains the greater proportion of 
sandy beds and the Nanjemoy the more clay. For a detailed account of 
the Potomac River exposures the reader is referred to reports of the Mary- 
land and Virginia Surveys.“ 

Aquia formation.—This formation is typically exposed along Aquia 
Creek in Stafford County, where it is 100 feet thick. It comprises beds of 
greensand and greensand marls containing many marine shells of Eocene 
age. Southward it thins out, is overlapped by the Nanjemoy, and is ex- 
posed in few Pamunkey outcrops south of Richmond. 


Nanjemoy formation.—This formation, named after Nanjemoy Creek 
in Maryland, outcrops in river valleys from the big bend of Potomac River 
to Petersburg. It does not outcrop further south and at the North Carolina 
line its western boundary may be 30 miles east of Emporia. It comprises 
beds of sand, greensand and clay, with numerous marine shells. A dis- 
tinctive bed of clay, white at the top, pink at the bottom, marks the base 
on the divide between Potomac and Rappahannock rivers near Fredericks- 
burg, and has been recognized in wells along those rivers to the east. The 
total thickness of Nanjemoy beds exposed on Potomac River is about 125 
feet. 


aClark, W. B., Maryland Geol. Survey. Eocene, 1901, pp. 59-71; Clark, W. B., 
and Miller, B. L., Bull. No. iv, Virginia Geol. Survey, 1912, pp. 93-96. 
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Brief descriptions of the Pamunkey beds under cover, as reported by 
drillers, are shown in the well records published on succeeding pages. 


WATER SUPPLIES 


Under much of Tidewater Virginia the Pamunkey group is an im- 
portant source of deep water, though the porous sands which give flowing 
wells are relatively thin and few in comparison to the total thickness of 
sandy material and the number of sand beds seen in the outcrops. The 
glauconite sands, because of the proportion of interstitial space between 
the rounded granules of glauconite, give up water more easily than quartz 
sands and such open-textured beds full of the dark green or black glauconite 
are called “water sands” or “true water sands” by well drillers. 


MIOCENE 
CHESAPEAKE GROUP 


Eatent and character—The irregular edge of the Chesapeake cuts 
across the Potomac and Pamunkey beds in a south-southwest direction, and 
south of Rappahannock River to the North Carolina line the Potomac and 
Pamunkey are exposed only in river valleys. On the divides the western 
edge of the Chesapeake rests directly on the crystalline rocks. East of the 
line along which the Pamunkey beds slope below tide-level the Chesapeake 
deposits are hidden only by a thin covering of Columbia material and are 
exposed to river bluffs and in creek valleys nearly to Chesapeake Bay. Thus 
the area in which the Chesapeake outcrops is much greater than the com- 
bined outcrop areas of the Potomac and Pamunkey. 

The Chesapeake beds are prevailingly sandy, with a varying proportion 
of clay. They comprise pure quartz sands, glauconitic sands, sandy clays, 
and beds of marl; the latter, full of tightly packed marine shells, are widely 
distributed. Some of the sand beds contain glauconite in scattered grains 
only, others are almost as glauconitic as those in the Pamunkey. Streaks 
and nodules of hard, cemented sand or “rock” occur at many horizons, but 
individually are of small extent. The colors below water-level are subdued, 
varying from lhght gray through bluish and greenish shades to dark 
greenish gray. 

Near the base of the Chesapeake are drab and gray beds of clayey or 
finely sandy material full of the minute siliceous tests of diatoms, forming 
diatomaceous earth. In places, as just below Wilmont Landing on the Rap- 
pahannock, these diatomaceous earth deposits are 50 feet thick. 
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On exposure the Chesapeake beds weather to brighter tints, buff and 
yellow predominating. The elevation of the highest lying beds ranges from 
250 feet back of Brooke, to about 100 feet near the Virginia-North Carolina 
line. The maximum thickness of the group in Virginia may be 700 feet. 
The dips are southeast and east, about 6 to 10 feet to the mile. In places 
comparatively steep reverse dips up to 30° are seen, but these are of small 
extent, 

DIVISIONS 


Four divisions of the Chesapeake, based chiefly on differences in the 
abundant marine fauna, have been recognized in Virginia by Clark; these 
are the Calvert, Choptank,“ St. Mary’s and Yorktown. ‘This. fourfold 
division of the Chesapeake applies to the outcrops west of the bay. The 
relation of the formations far under cover in the eastern and southeastern 
parts of the State has not been established. Deep wells near Norfolk show 
a great thickness of dark, fine sandy clays and clayey sands, and few dis- 
tinctive fossils that might serve as guides in correlating records have been 
saved in drilling. 

Calvert formation.—This formation, the most clayey of the four, has 
been traced along the west edge of the Coastal Plain from Potomac River 
to south of Petersburg. Farther south it is overlapped by the St. Mary’s. 
It is well exposed at several localities, notably the bluffs on Rappahannock 
River south of Port Conway. It contains thick diatomaceous earth deposits 
and shell beds with characteristic marine fauna. ‘The maximum thickness 
exposed is 200 feet. The average dip is southeast and east about 10 feet 
to the mile. It is named from Calvert County, Maryland. 

Choptank formation.—This formation is sandier than the Calvert but 
contains a considerable proportion of clayey beds as well as diatomaceous 
earth. It is not exposed anywhere in Virginia but may intervene between 
the Calvert and St. Mary’s under cover in the Potomac Valley as it has been 
recognized and mapped in Maryland. 

St. Mary’s formation —This formation consists of bluish and greenish 
sandy clays and gray sand, with many thick beds of shell marl. It is estab- 
lished as a separate formation by the predominance of certain marine shells. 
The thickness is 150 feet and the dip 8 or 10 feet to the mile eastward. 
It is named from St. Mary’s County, Maryland. 

Yorktown formation.—This formation succeeds the St. Mary’s-so con- 
formably that no sharp dividing line has been determined. It is sandy, 


aNot recognized in Virginia by Clark and Miller, Bull. No. ‘iv, Virginia Geol. 
Survey, 1912, p. 140. 
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richly fossiliferous, and at the type locality, Yorktown, contains firm, fairly 
hard rock made up almost entirely of comminuted shells. Its total thick- 
ness is over 100 feet. As a whole it slopes seaward at the rate of 6 or 8 
feet to the mile, but in places are fairly steep westward dips. 


WATER SUPPLIES 


From its extent, stratigraphic position, and sandy character, the Chesa- 
peake group is a notable source of artesian water. It has been tapped by 
many hundreds of inexpensive wells and its deep supplies, except on the 
eastern shore of Chesapeake Bay and in a few counties on the western shore, 
are soft, “light,” fresh, and excellently suited to domestic use. The shallow 
waters may be hard from lying in beds of shells or iron-bearing from the 
decay of glauconite. 

PLIOCENE (7?) 

No beds containing distinctive Pliocene fossils have been found in 
Tidewater Virginia. ‘There are such beds in the Coastal Plain of North 
Carolina and of other states southward, notably Florida. The Lafayette 
has been classified as a Phocene formation. The lithologic resemblances 
between the Lafayette and the Sunderland formation in Virginia are great 
and there is no definite proof that the Lafayette is older than Quaternary. 
It is here called Pliocene (?). 


Lafayette Formation“ 


Hatent and character—The Lafayette is a far-extending but relatively 
thin mantle of clay, sand, and cobbles, in which the finer-textured material 
has in places an orange or reddish tinge. This vast, blanket-like deposit, 
usually gravelly toward the base but loamy near the surface, has been traced 
along the higher portions of the Atlantic Coastal Plain from New Jersey 
to Florida and across the Piedmont to the Blue Ridge. It is characterized 
not only by the bright hues of its loams and clays but by the pecularly 
irregular and confused arrangement of the materials in many of the 
coarser beds. ‘The formation is high-lying, overlapping the Coastal Plain 
sediments only where they are much above sea-level, and nowhere in Vir- 
ginia reaching tidewater, being cut off seaward or riverward by distinct 
slopes and well-marked scarps. Another peculiarity is a scarcity of fossils, 


aThe name Lafayette was proposed by Hilgard in 1891 from Lafayette County, 
Miss. Amer. Geol. 1891, vol. 8, pp. 129-131. Berry has recently shown that the 
so-called Lafayette of the type section in Lafayette County, Miss., is of Eocene age. 
Jour. Geol. 1911, vol. 19, pp. 249-256. : 
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the organic remains being plant fragments and impressions of no deter- 
minative value. This far-spread mantle was first recognized as a distinct 
geologic unit by McGee“ and named by him the Appomattox formation. 

The total extent of the formation in Virginia has not been determined. 
It covers little of the tidewater country. Its cobbles and gravels rest on the 
crystalline rocks of the Piedmont, or on the edges of Potomac, Pamunkey, 
or Chesapeake beds. Usually not over 50 feet thick and nowhere filling the 
gorges, the Lafayette caps the higher interstream plateaus. Its base is 
480 feet above tide at Peach Grove Hill in Fairfax County, and 200 feet 
near Fredericksburg. Whether it actually is present at the type locality 
of McGee’s Appomattox formation, southeast of Petersburg, is uncertain.? 

Along Potomac River north of the great bend the Lafayette is sharply 
interrupted or cut off by the river valley. South of the great bend to 
Petersburg the eastern limit of the formation is less clearly defined, but 
probably nowhere extends far east of the “fall-line.” It has been traced 
inland back of Fredericksburg for 10 miles, and has been described by 
Shaler and Woodworth’ in the Richmond coal basin at altitudes of 350 feet. 

Origin.—The probable origin of the Lafayette has caused much dis- 
cussion. Some geologists have called it a marine formation, others have 
said it was formed by streams. Further investigation may show that the 
term Lafayette has been applied to both marine and fluviatile deposits. A 
detailed discussion of the origin lies without the province of this report. 
In Virginia the field relations, varied lithology, heterogeneous assortment of 
materials, and lack of fossils, are evidence in favor of a fluviatile or estua- 
rine rather than a marine origin. 


WATER SUPPLIES 
The Lafayette gravels are reservoirs of ground water for springs and 
dug wells. The supplies they furnish are generally limpid and soft, and in 
some places remarkably low in mineral content but, from the hmited extent 
of the Lafayette in the Coastal Plain, are important in only a few counties. 





aMcGee, W. J., Three Formations of the Atlantic Slope, Amer. Jour. Sci. 3rd 
ser., 1888, vol. 25, pp. 120-143. 

bThe writer is of the opinion that the Appomattox formation in the vicinity of 
Petersburg, as described by McGee, includes Columbia beds, and that the Lafayette 
has not been differentiated with exactness there. 

cShaler, N. S., and Woodworth, J. B., Geology of the Richmond Basin, Virginia, 
19th Ann. Rept. U. 8. Geol. Survey, Part 2, pp. 385-519. 
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PLEISTOCENE 
COLUMBIA GROUP 


Character and eaxtent—Over most of Tidewater Virginia, resting on 
Miocene, Eocene, or Cretaceous deposits, or on the crystalline rocks of the 
Piedmont, lies a mantle of loam, clays, sands, gravels and cobbles; the 
older strata cropping out on river bluffs, in stream gullies, and on eroded 
divides. Like the Lafayette, this mantle shows a prevailing assortment 
into coarse material at the bottom and fine at the top, and its component 
beds show great differences of color, texture, and arrangement. The clays 
have many hues, from dark gray through yellow or buff to orange and red; 
the coarse material comprises evenly stratified sands and mixtures of sands, 
cobbles, and boulders that seemed dumped in place. 

The Columbia differs from the Lafayette in several details. While the 
latter mantled an undulating surface, the Columbia partly filled river 
gorges and capped intervening divides. The Lafayette forms a sloping 
plain cut off to the seaward and along river valleys by scarps or graded 
slopes ; the Columbia comprises several terraces or terrace plains that slope 
seaward and toward river valleys. Large transported boulders are not found 
in the Lafayette, but are common on the river terraces of the Columbia 
toward the “‘fall-line.” Some of these boulders are seven or eight feet long, 
have polished and striated faces, and have evidently been dropped by ice 
floes. The Columbia loams on the lower terraces are mostly light buff and 
yellow; on the higher terraces, buff and red; but south of James River 
bright-colored loams are not so common as along Potomac River. Even on 
the highest terrace they are often light buff and yellow rather than dark 
buff, orange, and red. 

The landward elevation of the surface of the highest terrace along the 
“fall-line” varies from 300 feet west of Alexandria to about 150 feet south 
of Petersburg. The surface of the lowest terrace is less than 25 feet above 
tide and extends to sea-level in many places. The only fossils found in the 
clays of the higher terrace are plant remains. The lowest terrace contains 
plant remains and marine shells. 


DIVISIONS 


In Maryland, three terraces were distinguished by Shattuck@ and traced 
across the State. He found that while each terrace sloped seaward and 
aShattuck, G. B., The Pleistocene Problem of the North Atlantic Coastal Plain, 


Amer. Geol., 1901, vol. 28, pp. 87-107; Maryland Geol. Survey, Pliocene and Pleisto- 
cene, 1906, 291 pp. Ixxv plates. 
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toward river valleys, there was a remarkable uniformity of elevation at 
points on the same terrace many miles apart. ‘he three terraces he named 
in order of age, from high to low, the Sunderland, Wicomico, and Talbot. 
and classified their materials as the Sunderland, Wicomico, and ‘Talbot 
formations. This division of the Columbia he extended into Virginia. 


In North Carolina six terraces with elevations varying from sea-level 
to 200 feet have been described.“ Stephenson? discriminates five Pleistocene 
terraces in North Carolina. The names he gives them and the elevations 
above sea-level are as follows, in order of age: Coharie, 160 to 220 feet; 
Sunderland, 110 to 160 feet; Wicomico, 60 to 90 feet: Chowan, 30 to 50 
feet ; Pamlico, 0 to 25 feet. The Coharie has not been recognized north of 
North Carolina. The Chowan and Pamlico together correspond to the Tal- 
bot of Maryland and Virginia as described by Shattuck. 

Clark and Miller’ have recognized and traced three Columbia terraces 
in the Virginia Coastal Plain and have designated as formations the 
deposits that constitute them, the Sunderland, the Wicomico,and the Talbot. 

The terraces as a whole slope east or southeast, but along the rivers each 
terrace slopes toward the river; on the divides the slope is seaward. Hence 
the elevation of each terrace is least toward the river or the ocean and great- 
est at the foot of the slope or scarp which marks the transition to the terrace 
above. 


In general there is on each terrace a rough assortment of materials from 
coarse at the base, to fine near the surface. The proportion of very coarse 
material, gravel, cobbles and boulders, is greatest near the ‘“‘fall-line.” The 
basal sands are generally gray in color; the tints of the subsoil loams and 
clays range from dark gray with bluish, brownish or greenish hues, to bright 
red, orange and buff. 

The thickness of each terrace formation varies from a thin edge near the 
scarp above to a maximum at varying distances riverward or seaward. ‘The 
maximum thickness of the lowest formation is uncertain because in places on 
the western shore of Chesapeake Bay and along the bay side and ocean side of 
the Eastern Shore, a considerable part of the formation hes below tide-level 
and its materials have not been definitely distinguished from the Chesapeake 
(Miocene) beds on which they presumably rest. 


aJohnson, B. L., Pleistocene terracing in the North Carolina Coastal Plain, 
Science, 1907, vol. xxvi, pp. 640-642. 


bStephenson, L. W., Geology and Underground Waters of the North Carolina 
Coastal Plain, N. C. Geol. Survey. In press. 


eClark, W. B., and Miller, B. L., Bull. No. iv, Virginia Geol. Survey, 1912, p. 48. 
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Sunderland formation—Maximum elevations of the Sunderland range 
from 300 to 220 feet on divides back of the “‘fall-line,” to 90 feet at points 
along the rivers farther east. ‘he Sunderland-Wicomico scarp extends 
along a northeast line, that is a line at right angles to the trend of the larger 
river valleys. The materials of the Sunderland terrace, which constitute 
the Sunderland formation, comprise cobble-beds, sands and gravels, bright- 
colored loam and clays, and near the “fall-lme,” large boulders. The 
thickness of the formation varies from a feather-edge to a maximum of 
50 feet. 

Wicomico formation.—TVhe Wicomico terrace can be traced at intervals 
along the rivers to the “fall-line” and around the intervening divides from 
North Carolina to Potomac River. It is widest south of James River 
where it is 10 miles wide. On the divides between York, James, Rappa- 
hannock, and Potomac rivers, this terrace 1s not as pronounced a topo- 
eraphic feature as the terrace below it. ‘The terrace materials comprise 
cobbles, gravel, sand, and bright-colored loams and clays, much like the 
Sunderland. The thickness varies from a feather-edge to about 45 feet. 

Talbot formation—Vhe Talbot is the youngest and most easily dis- 
tinguished of all the terraces.“ It is 30 miles wide at the south and includes 
all of Princess Anne County, most of Norfolk, nearly all of Elizabeth City 
County, the east end of Gloucester County, and practically all of Mathews 
County. Reéntrants of this terrace extend up the river valleys. On the 
eastern shore the terrace probably includes all of Northampton County and 
most of Accomae County. The Talbot formation is composed of sands, 
gravels, clays and loams, with cobbles and ice-borne boulders along the river 
toward the “fall-line.” he fossils comprise cypress stumps and other plant 
remains, and beds of marine or brackish water shells. The thickness of 
the formation ranges from a few feet to fully 40 feet on the western shore 
of the bay. On the eastern shore the thickness may exceed 50 feet. 

The relations of the Columbia terraces and the terrace materials to the 
underlying deposits are shown in Fig. 5, page 52. 

Origin.—While a marine or estuarine origin for the terrace formations 
has been advocated, the question is still in dispute. The 0-25 foot terrace 
underlain by beds containing marine and brackish water-shells at Newport 
News, east of Norfolk, and in the Dismal Swamp area, is indisputably 
marine or estuarine. 


aThe writer believes that the Talbot formation in Virginia, as described by 
Shattuck, comprises two formations; in other words, the Chowan and Pamlico 
formations of North Carolina extend into Virginia. 
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WATER SUPPLIES 


The coarser beds of the several Columbia formations are important 
reservoirs of water in Tidewater Virginia, and are tapped by thousands of 
dug or driven wells. As the sands and gravels often rest on relatively im- 
pervious clayey beds of Miocene, Eocene, or Cretaceous age, and are exposed 
along scarps or in stream gullies, they are the source of countless springs. 
On the high terraces the ground water is mostly soft and of low mineral 
content. On the lower area and especially near tidewater it differs greatly ; 
in most places it is limpid and soft and excellent for general use; here and 
there so mineralized as to be unfit for many purposes. 


Undifferentiated Columbia Beds 


Extent and character—Beds of mud, sand, clay, and gravel underlie 
the lowest Columbia terrace, or the terrace now in process of formation, at 
places in the eastern part of Norfolk, Elizabeth City, Gloucester, Mathews 
and Princess Anne counties, and the whole Eastern Shore. The chief objec- 
tions to including these beds in the Talbot formation are that their indicated 
thickness would make this formation much thicker than any of the older 
Columbia formations, and that there is nothing to show that all the beds 
accumulated while the Talbot terrace was forming. Some may antedate the 
Talbot terracing ; some may even be of Phocene age. In the localities men- 
tioned the beds rest on Chesapeake sands and clays. As they do not outcrop 
but he below tide-level they can be differentiated from the Chesapeake beds 
below and the Recent or Columbia beds above only by the study of well 
records and samples of drillings. As few samples have been saved the age 
remains in doubt. 

These undifferentiated beds comprise soft, dark bluish or greenish and 
bluish-gray sands with rounded and sharply angular grains, and coarse 
gravel. Some of the beds contain many marine shells, some contain cypress 
stumps or logs. 

The sands in which the shells he, sparsely scattered or in distinct layers, 
are medium fine, and, when dry, hght gray in color; when wet, dark bluish 
or greenish. ‘They apparently form discontinuous bands or lenses of vary- 
ing thickness, no single sand bed having been traced far. The sands are 
for the most part soft, and offer little resistance to the drill, but locally 
contain indurated streaks usually only a few inches thick that the drillers 
term rocks. The beds are separated by dark clays of bluish or greenish 
tinge, that vary in texture from tough and firm clay to soft mud in which 
the drill of a hght jet rig will sink five or six feet in as many minutes. 
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The soft clays, those most frequently found, are described by drillers as 
“blue mud” or “blue marsh mud.” The shell beds, logs and stumps found 
in these beds on the Eastern Shore all lie considerably below tide-level. 
The following list of localities and depths to shell beds nearest surface in 
Accomac and Northampton counties is given for its geologic interest : 





List of localities and depths to shell beds nearest surface in Accomac County. 
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Northampton County: Charlton 63 feet, Upshur Neck 128 feet; 
throughout Northampton County generally, 60 to 90 feet. 

A well near Onancock, sunk 110 feet, is reported by the driller to have 
struck a bed of “beach sand” containing small shells at 65 feet and to have 
been bottomed in shell-rock containing “oyster” and “clam” shells. “Pieces 
of bark and knots of wood” were reported between 60 and 100 feet. 

Another driller, F. A. Merrill, of Onancock, reports striking in a well 
on Grapeland farm, on Occahonnock Creek, three quarters of a mile from 
Wardstown Post-office, a “stump” 7 





(0 feet below surface or 60 feet below 
tide-level. A well at the house of Tully Scott on Masitank Creek, three 
quarters of a mile west of Cashville, according to the owner, went through 
“pieces of wood” at 64 to 68 feet. 


WATER SUPPLIES 


On the Eastern Shore many flowing wells draw on these deep-lying 
Columbia sands. ‘The heads are low and seem to be largely determined 
by local topography. Thus there are few flows along the bay shore near 
Saxis, Belinda, and Marsh Market in Accomac County where the Talbot 
terrace slopes gradually to the expanses of salt marsh that border the 
tidal inlets; the ground, as well drillers say, is “too low.” But there are 
many flowing wells on the bay shore farther south, where, as about Onan- 
cock and Harborton, a terrace plain 15 to 20 feet high, often overlooks 
open water. Again there are more flowing wells in Accomac than in North- 
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ampton County where the general elevation of the surface is less than to the 
north. 

It is not possible that the supphes of these Eastern Shore wells could 
have come from across the bay; the beds under the bay contain salt water 
at too great a depth to permit that. They are fed from ground water that is 
supplied by the rain and snow that fall on the Hastern Shore. The under- 
ground circulation is southward and from the higher land along the axis 
of the peninsula toward the bay and the ocean. The heads of the water in 
particular wells or groups of wells are closely related to the height above 
sea-level of the water table in the vicinity of the wells. Since the water 
beds lie comparatively near surface, are overlain by muds or soft clays and 
extend under tidal inlets, the flowing wells of the Eastern Shore all show 
tidal changes, but the lag is less than that of the deeper wells of the 
western shore. 

No flowing wells that evidently draw on these sands have been reported 
in Mathews, Norfolk, and Princess Anne counties. 

As the deep Columbia beds comprise both clean sands and swamp mucks 
the contained waters vary greatly. Some of the sands yield excellent 
water—clear, soft, and low in mineral content, while other beds yield waters 
that are highly colored, hard, contain iron and have a decided odor of 
sulphuretted hydrogen. 


SUMMARY OF GEOLOGIC FORMATIONS AND THEIR WATER SUPPLIES. 

The geologic relations of the various Coastal Plain formations, their 
constituent materials, and their importance as water-bearers are shown in 
the following table: 
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WATER SUPPLIES 


(1) Not important. 


(2) Coarser beds supply ground water to springs and shallow wells; contain 
artesian water on Eastern Shore. 


(3) Coarser beds supply springs and shallow wells. 


(4) Coarser beds supply springs and shallow wells. 

(5) Coarser beds supply springs and shallow wells. 

(6) Ground water to springs and shallow wells, artesian water to a few wells. 
(7) Ground water to springs and shallow wells, artesian water to many wells. 
(8) May supply artesian water to a few wells. 

(9) Ground water to springs and shallow wells, artesian water to many wells. 
(10) Ground water to springs and shallow wells, artesian water to many 


wells. 

(11) Ground water to springs and shallow wells north of Pamunkey River; 
artesian water to some wells. 

(12) Artesian water of varying quality to a few deep wells near Chesapeake 
Bay. 

(13) Ground water to springs and shallow wells, artesian water of varying 
quality to a few deep wells. 

(14) Ground water to springs and shallow wells, artesian water of varying 
quality to a few wells near the “fall-line,” and near Chesapeake Bay. 


UNDERGROUND WATERS 


ORIGIN, OCCURRENCE, AND DISTRIBUTION. 


General statement.—Of the moisture that falls on the land in the form 
of rain and snow, part returns directly to the air by evaporation, part flows 
directly away by streams, and part enters the soil. The total precipitation 
on any region is distributed variously among these destinations, the exact 
amount that goes to any one being determined by factors which interact in 
an extremely complex manner. 

Hvaporation.—The proportion of rainfall that returns to the air by 
evaporation from the leaves of plants, before or after reaching the ground, 
or from the surface of the ground itself, varies greatly under different con- 
ditions. The temperature, the wind velocity, the character of the vegetation, 
the nature of the soil, all affect it. Evaporation is less in a cool climate 
with light winds than in a hot climate where fresh winds prevail. It is less 
from sandy than from clayey soils. It is less from fields than from forests. 
Tidewater Virginia has hot summers with liberal precipitation; on the 
other hand the wind velocity is low. Estimated on the basis of measure- 
ments at Washington, D. C., and including the water returned to the air by 
plants, evaporation in the Virginia Coastal Plain amounts to more than 
50 per cent of the rainfall. 

Run-off—That portion of the rainfall that the streams carry away from 
a given district is the run-off. It includes the over-surface flow and the 
water from seeps and springs; it is determined by measuring the discharge 
of the streams, and is expressed either in inches, like rainfall, or as a per- 
centage of the rainfall. The chief factors controlling run-off are vegetation 
and temperature. This is shown by Hoyt“ who finds that while the winter 
run-off in Vermont is 92 per cent of the rainfall and in Virginia is 63 per 
cent, the summer run-off is practically the same in the two states. No de- 
termination of annual run-off in the Virginia Coastal Plain has been made 
but it is probably less than in the Piedmont counties of the State, where it 
is 40 per cent of the rainfall. 

Controlling factors in soil absorption.—The chief factors regulating 
the entrance of water into the ground are the slope of the surface, the rate of 


aHoyt, J. C., Comparison between rainfall and run-off in the northeastern 
United States, Trans. Amer. Soc. Civ. Eng., vol. 59, pp. 431-520. 
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precipitation, the air temperature, and the texture of the soil. On steep 
hillsides much rain water runs off before the soil can take it up; similarly, 
if the rain falls in a heavy shower less of it enters the soil than if it falls 
more slowly, because every soil has a certain rate of absorption, and if this 
be exceeded the excess water runs off. A high temperature decreases the 
surface tension of water so that water passes more readily through the soil 
pores. Sands have much larger pore spaces than clays, hence sandy soils 
take up water more rapidly than clayey soils. 

In the Virginia Coastal Plain the conditions favorable to the absorption 
of moisture reach a maximum on flat expanses of terraces with sandy soils 
during gentle rains in warm weather. 

Storage capacity of soils—The capacity of a soil to absorb water is a 
measure of its porosity. In sands, the evenness of size of the grains and 
their roundness of outline determine the proportion of voids, because if the 
grains are round the total amount of open space is independent of the diam- 
eter of the grains. A clean, evenly sized sand with well-rounded grains will 
absorb water equal to 40 per cent of its bulk; a cubic foot of such sand will 
absorb about 10 quarts. Sharp sands that pack closely and sands with 
grains of various sizes absorb less. On the other hand, loams have propor- 
tionally more pore space and greater absorption capacity. Some determina- 
tions made by King® showed that the percentage of pore space in clayey 
loams was about 44.5 per cent, and in sandy soils 30 to 35 per cent. Be- 
cause of the great predominance of sands and sandy loams in the Virginia 
Coastal Plain, as shown in the table on page 29,1t is probably safe to assume 
that the average absorption capacity of the soils is about 35 per cent. 


SOILS AND SOIL SOLUTIONS. 


Sotls.—The soils of the Coastal Plain are derived almost wholly from 
unconsolidated beds of gravel, sand and clay, which in turn represent the 
washed-over debris of pre-existing unconsolidated beds, or the material 
worn from the hard rocks of the Piedmont Plateau. Since the Lafayette 
and Columbia formations he blanket-like upon the older beds, and the 
latter are practically not exposed except where the Lafayette or Columbia 
beds have been removed by erosion, as on scarps, valley slopes, or narrow 
stream divides, the older beds are of less importance in the formation of 
soils. On the other hand the more or less weathered surfaces of the several 
Columbia formations form the cultivated soil of fully three-fourths of the 
Coastal Plain area. 


aKing, F. H., Nineteenth Ann. Report, U. 8. Geol. Survey, pt. ii, 1897-98, pp. 
213-214. 
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On the basis of origin, soils may be divided into two classes, residual 
and transported. A residual soil represents what is left from the decay of 
rocks, and rests where it formed. A transported soil is composed of material 
that has been moved by water, ice or wind. Residual soils characterize the 
Piedmont Plateau, transported soils the Coastal Plain. In the latter 
province the great agent of transportation has been water. There has been 
movement as dust but not enough to be of much importance in soil forma- 
tion. There are accumulations of wind-moved sands, or dunes, back of some 
Chesapeake Bay or ocean beaches, notably at Cape Henry, but these are 
of little or no agricultural value. ‘The water-moved rock particles were 
variously transported, some by streams and some by the waves and currents 
of the ocean or tidal inlets; they were deposited along river bottoms or on 
flood plains, in swamps or shallow bays, or in the ocean. Thus the finest of 
silts and the coarsest of gravel were laid down simultaneously in the forma- 
tion of any one of the Columbia terraces. The terraces have been variously 
eroded since elevation above sea-level. Certain areas in all the terraces have 
been better drained than others, and the rate of decay of the soil particles 
has therefore not been the same. In consequence of original differences in 
mode of deposition and in material, and of subsequent differences in erosion 
and weathering, the soils vary decidedly within short distances and show 
very complex relationships. } 

Soils may be classified not only by origin but by topographic features, 
depth, suitability for certain purposes, and by physical characteristics. 
The latter are the most obvious guides. They comprise texture, as shown by 
the proportion of mineral particles of different sizes, structure (the manner 
of arrangement of the particles), and color. These physical properties form 
the basis of soil classification adopted by the U. S. Bureau of Soils, but 
other factors are considered. A soil class is based on texture, as shown by 
a mechanical analysis. Soils of different classes that are evidently related 
in origin, topographic position, and color, constitute a soil series. The 
structure and color determine with what series a soil can be correlated. 
The unit of a soil series is the soil type and the type is established by con- 
sidering the physical properties and all other determinable factors that have 
to do with the relations of soils to crops. 

In the Coastal Plain of Virginia the U. 8. Bureau of Soils has mapped 
about 940,000 acres, and has discriminated 24 soil types in this acreage. 
The areas occupied by these types are shown in the following table compiled 
from figures published in 1909. The areas cover parts of Chesterfield and 


aWhitney, Milton, Soils of the United States, U. S. Bureau of Soils, Bull. 55, 
1909, p. 233. ; 
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Hanover counties, all of Norfolk, Princess Anne and Warwick counties, 
and most of York and James City counties. 


Area of soils surveyed in the Virginia Coastal Plain. 


| Area of types | Total for series 








kas | in series and types Per cent. 
ao ae a 
Acres Acres 

Coastaltbeach selec kin 1 ss ka neces Sieecmeee 12,376 1.3 
Chesterfield gravelly sandy loam....|-------+-+--:: 34,304 3.6 
Chesterfield sandy loam.............)-s++ eset ccceee 95,680 10.2 
Elkton fine sandy loam..............)00%+ ++ :*3° vo 14,656 1.6 
Leonardtown loam)... en, Waste. s Se rane, os 6% 43,584 4.7 
Norfolk, gravelly ‘lodm v2.52. eeeh ss: 1,344 

coarse sandy loam......... 4,288 

BANG toes Se ee -11,200 

fire sand’ GH eee ee 20,864 

sandy,«loam) #2. wees eae 214,976 

fine ‘sandy ‘Inam..?.7... 07 2. 230,272 

loam BA a oe A 23,872 

silts Gatti, GO: sca cee eres 5,952 

Clay LORY A Sc kee ee ee 1,856 514,624 54.8 
Portsmoath sande. 1: )2 Jo gett 2,048 

Barly loath lan acoder esas 50,048 

fine sandy. 16am jea.y so de ee 29.760 

Balt, Wigan ere, sabi se 55,488 

clay jloam ised ue eee 2,176 139,520 14.8 
Swamp, tidal swamp and marsh...... Lath Ah ah ae 67.072 Task 
Wickham. Sandi ee ts coor spe te ee 4,416 

sandy loa tice 2255 2 ei eae bes 5,120 

LORIN of Big: ew eee ee ed 5,952 

clay” log Fee Sk te ee ee 2,176 17,664 1.9 
Total number of acres mapped....... 939,840 





The table brings out the relatively small extent of many of the soils, 
the predominance of two series, and the proportionally great extent of two 
types, the Norfolk sandy loam and the Norfolk fine sandy loam, which 
together occupy over 47 per cent of the area mapped. A survey of all the 
Virginia Coastal Plain might show soil types not as yet recognized there, 
and would change the present rank of some of the types, but would not 
alter the rank of the Norfolk series nor of its two predominating types— 
chiefly because these types occupy areas on both high and low terraces, 
whereas the topographic distribution of the other types as a rule is more 
restricted. 

For a description of the soils named in the preceding table and their 
suitability for particular crops the reader is referred to the government 
bulletins from which the tables were compiled. The Norfolk soil series is 
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SOILS AND SOIL SOLUTIONS. 


described as consisting of light-colored sandy soils underlain by yellow or 
orange sand or sandy subsoils, while the Portsmouth is characterized by 
dark gray to black surface soils underlain by yellow, gray or mottled yellow 
and gray subsoils. 

As has been stated, the texture of a soil is determined by the proportion 
of the different sized mineral particles in it that are found by mechanical 
analysis. The U. 8. Bureau of Soils recognizes seven grades, the limits of 
which are arbitrarily fixed. The texture of the Norfolk soil series is shown 
by the following table: : 

Textures of Norfolk sotls.% 

















ES aemstaeaH mee ees Pie.) |. 5 
a) | : 
Pee seen ey alee ai lee nt i= 
Name SP ie ah Stan) tae. Ho | 2 fé mA oo 
SS Boe F | to a A) ae 
* pee) eee Bi eoeS EY eee S 
— {eb | Eo i 
= 6 sen Ye peed a cere de Mees ON i: 
= — | = — 
Per cent| Per cent | Per cent | Per cent; Per cent| Per cent | Per cent 
Norfolk gravelly loam.... | 
soil 5 tone bee, We hi 18 25 9 
subsoil 3 ay) eAt ie Le 18 at | 17 
Norfolk coarse sandy loam | 
soil 9 24 Le ee 16 10 22 9 
subsoil 11 38 717 520 11 4 9 5 
INGTLOMCesa Hd wena rn cr) fois | | 
soil 3 15 i cee aoe oe lO | 8 4 
subsoil 3 16 21 BT tam 39 8 5 
Norfolic dine ‘sand 325 ia:- | | 
soil 0 3 10 S607 la Py CT 5 
subsoil | 0 2 9 BS teh 1G 14 | 5 
Norfolk sandy loam...... | | 
soil 4 5 14 31 bent Moe alll i | 7 
subsoil 4 12 10 22 12 12 26 
Norfolk fine sandy loam... | 
soil 1 3 5 38 al a os 8 
subsoil 1 Bxh. 4 4 20 Lie 2: SAP Asis ae 
NOEEGI Cc ain oh, taste ek y | 
soil 1 Bn 9 24 cil it eM, eters Ge 
subsoil 1 a) 9 20 1G So Ae 19 
Norfolk silt loam . A 
soil 1 3 4 10 14 pd. }.  12 
subsoi] 0 3 4 9 La Ae Db ad 
Norfolk clay loam....... | 
soli iA 3 Samegee 20 7 34 | 23 
subsoil 0 4 6 18 Lee sso: ih 3S 























aU. S. Dept. Agriculture, Bureau of Soils, Soil Survey Field Book, 1906, pp. 47-54. 
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Soil solutions.—The solubility of the mineral compounds in the soil, 
under local conditions of rainfall, temperature and drainage, and the chemi- 
cal reactions which take place in the underground circulation determine 
the quality of the ground water. The Coastal Plain soils, deep as well as 
surficial deposits being included under this term, comprise sands, loams, 
clays, shell beds, and beds full of glauconite. The sand grains are composed 
chiefly of silica, but in some formations many sand grains are made up 
of compounds of silica, alumina, iron, lime, potash, and soda. The ease 
with which these compounds are dissolved is determined not only by the 
solubility of the compounds but by the fineness of the soil particles, hence 
the quality of the ground water, that is, the kind and degree of its minerali- 
zation, varies decidedly from place to place. 

In general the reason for the variations is easily recognized ; lime carbon- 
ate is readily dissolved, hence shell beds contain limy, or “hard,” water. Many 
iron compounds dissolve without difficulty, and iron-bearing solutions pre- 
cipitate iron on exposure to air or by mingling with oxygen-bearing waters. 
Thus along the western edge of the Coastal Plain the loams that contain 
grains of iron sulphide worn from the Piedmont rocks are the source of 
“iron” and “alum” and “sulphur” springs and seeps; beds of bog-iron 
form where such waters accumulate on the surface, and iron crusts and 
bands grow along the underground water courses. Hydrogen sulphide, 
the compound which gives so many Coastal Plain waters a “swampy” or 
“marshy” odor, is derived not only from the dissolving of iron sulphide but 
from compounds found in the organic matter contained in many Coastal 
Plain beds; it may also come from reaction between sulphate of lime, a com- 
mon constituent of soils, and other compounds. 

Although as above indicated the mineralization of a particular water 
may be from causes easily recognized or self-evident, the quality of another 
water may be due to reactions that cannot be definitely traced, or to long-past 
events in the geologic history of the region. Instances of these differences 
are the high percentage of bicarbonate of soda in many Coastal Plain waters 
and the saltness of others; in the one case we have to deal with a. matter 
little understood, the selective interactions between certain mineral solu- 
tions underground; in the other with sea water which was originally in the 
beds or reached them after deposition. 


GROUND WATER 


Definition of ground water.—Of the water that enters the soil some is 
returned to the air through the capillary action of the soil particles and 
evaporation, some is absorbed by plant roots, stored in tissues, and ulti- 
mately returned by plant decay, or is given back to the air by transpiration 
from foliage; a little is taken up by the hydration or weathering of rock 
particles in the soil, and some reaches the ground water. By ground water 
is meant the water beneath the surface at any given point; its lateral extent 
and depth below surface are determined by several factors. Its lower limit 
may be at dense, impervious beds or there may be no sharp lower limit, the 
water filling crevices in rocks to an indefinite depth. 

Water table——The upper surface of the ground water is called the water 
table; it marks the water level in wells. Its depth below ground depends on 
topography, geology, and climate. In general the water table rises under 
hills and falls toward valleys. Under a level plain with soil of uniform tex- 
ture, bounded by descents to lower ground, the convexity of the water table 
as a whole depends primarily on the texture of the soil and the difference in 
elevation between the plain and the lower ground. But the water table 
slope is modified by differences in soil texture, in the character and position 
of underlying rocks, in surface slope and in vegetation. It lies nearer the 
surface in fine textured soils than in coarse, and nearer under tilled fields 
than under forests. Where the water table cuts the surface of the slope there 
are seeps and springs; where confined hollows descend below the water table 
there are ponds. Under a flat expanse on a high terrace the water table 
may be at the surface, whereas near the scarp of that terrace it may be 50 
feet below the surface of the ground. , 

Fluctuations of water table-—The water table rises after wet weather 
and falls after droughts, but these changes are not sudden. It takes a sensi- 
ble period for the soil to absorb and transmit rainfall, so the water in wells 
may be low during a rainy period, in consequence of preceding drought, and 
may remain high long after rains have ceased. The seasonal differences in 
the height of the water table are the result of accumulative differences in the 
proportion of rainfall that reaches the ground, so that the period of lowest or 
highest ground water lags after the period of most or least rainfall, subject 
to superimposed modifications from evaporation and the growth of vege- 
tation. 
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In Virginia the ground water is highest in the spring and lowest in the 
fall. These fluctuations are greater away from ravines and scarps than 
near them, because the water under a level stretch remote from any point 
of emergence moves very slowly and a rise in the water table of several 
feet increases the general slope toward the point of emergence but slightly, 
whereas near a scarp the water can run away so fast that the water table rises 
very little. 

Besides being affected by the seasonal differences in rainfall, the water 
table is affected by other factors. Fluctuations in atmospheric pressure are 
among these. A rise of one inch shown by the barometer means an increase 
in air pressure equal to a foot of water. This load transmitted underground 
by wells can depress the well water by forcing it back into the sand and 
locally raising the water table. In the course of the field work for this report 
one instance of a dug well showing the effect of changes in air pressure 
was noted. ‘This well, 26 feet deep, is near Potomac Mills, in Westmoreland 
County. ‘lhe normal depth of the water in dry weather is about 2 feet. 
When the wind during such weather blows from the northwest, that is when 
the barometer is high, and the atmospheric pressure is heavier than the 
average, the level of the water in the well falls. With wind from the south- 
east, that is when atmospheric pressure is less, the water rises. 

In very shallow wells changes in air temperature affect the surface ten- 
sion of water. Cold increases the surface tension, hence if some of the 
ground water is near enough to surface (within a few feet) to feel the 
change, it rises into the partly saturated soil above the water table under 
the capillary attraction of the soil particles, thus lowering the level of the 
water in wells. 

Change of level, due to natural or artificial causes, in nearby bodies of 
surface water—trivers, lakes, or the sea—may affect the water table decidedly. 
Where there is communication between such a body of water end nearby 
ground water, either through rock crevices or the pores between sand grains, 
a rise of the surface water raises the water table, either by direct transmis- 
sion or by backing up the outward flowing ground water. Along Chesapeake 
Bay many shallow wells show tidal changes. ‘These changes are not instan- 
taneous since transmission through sands implies time, and along tidal 
bodies of water high water in a well occurs after high tide. The time 
difference or lag is governed by distance from shoreline and ease of commu- 
nication below ground. It may amount to several hours. 





Perched ground water.—Some accumulations of ground water are purely 
local. A sheet of clay may separate saturated sands from dry sands below, 
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resulting in what is known as perched ground water. Such a condition may 
be found at many places in Tidewater Virginia, and is especially noticeable 
after prolonged wet weather. Boring a hole through the clay draws off the 
perched water. In this way some ponds or swamps may be drained. 

Circulation of ground water.—Two factors, gravity and capillarity, con- 
trol the movement of underground water. Downward percolation, as the 
drainage of a soil after a rain, is largely due to gravity and takes place 
chiefly through the larger openings in the soil. On the other hand the water 
evaporated from a soil is supphed from below either by the capillary move- 
ment through the finer openings or by the creeping of thin films of water 
around the soil particles. Gravity and capillarity act together where the 
movement is downward or are opposed when the movement is upward. ‘They 
combine to bring water to the surface on a slope. 

The texture of the soil determines the relative efficiency of the two fac- 
tors, because the soil openings are many times larger in coarse sands than in 
silts or clays. Practically, the water returned to the air by plants as well as 
that evaporated from the surface of the soil is supplied by capillary action, 
whereas the water of springs and wells is supplied by gravity. he relative 
importance of gravity and capillarity in the movement of ground water is 
nearly equal, the proportion of the rainfall that ultimately reaches the sur- 
face again under capillary action, being little less than the proportion of 
gravitational or drainage water returned by springs. 

The movement of gravitational water toward some point of escape is 
modified by differences in soil texture, the position and character of the rocks 
below the soil, and the slope of the surface. By reason of the variety of 
factors the course of a drop of water toward some spring may be changed 
from a straight line many times. 

In granites and other dense igneous rocks, circulation is by joint cracks 
of which there are usually three systems, one parallel to the surface, the 
other two steeply inclined. In stratified rocks, circulation is of two orders. 
In sandstones and conglomerates there may be both direct movement along 
the bedding through openings between constituent grains, and cross circula- 
tion through joint cracks. In shales, circulation is practically limited to 
joint cracks and bedding planes. In limestone, as the rock is readily dis- 
solved, openings of considerable size may grow along bedding planes or cross 
fissures and may become large enough to take the entire volume of small 
uivers. The freedom of movement through sandstones and conglomerates 
is seldom comparable to that through sands and gravels, because of many 
original voids being closed by the cement that binds the grains and pebbles. 
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Rate of movement of underground water.—In fine sands with rounded 
grains the openings between the grains are of capillary size, and the 
frictional resistance to the movement of water is great; in sharp sands 
that pack closely the resistance is still greater. In coarse sands the voids 
are many times larger than in fine sands and the water can move with much 
more freedom. LHase of transmission through a soil thus depends on the size, 
shape and evenness of assortment of the soil particles, there being all grada- 
tions between coarse gravel and clay. A coarse sand transmits water 100 
times as freely as a fine sand. A clay absorbs water but its transmission 
capacity is practically zero. 

In discussing the capacity of soils to transmit water, Schlichter® says: 


If the particles of sand or gravel which make up the water-bearing medium are 
well rounded in form, the pores are somewhat triangular in cross section and the 
diameter of the individual pores is only one-fourth to one-seventh the diameter of 
the soil particles themselves. Thus if the individual grains of sand average one 
millimeter in diameter the pores through which the water must pass will average 
only one-fourth to one-seventh of a millimeter in diameter. If to a mass of nearly 
uniform sand particles larger particles be added the effect on the resistance to the 
flow of water will be one of two kinds, depending principally upon the ratio which 
the size of the particles added bears to the average size of grains in the original 
sand. If the particles added are only slightly larger than the original sand grain 
the effect is to increase the capacity of the sand to transmit water, and the more 
particles of this kind are added the greater will be the menace in the capacity of 
the sand to transmit water. If, however, larger particles are added the effect is the 
reverse. If particles seven to ten times the diameter of the original sand grains 
be added, each of the new particles tends to block the passage of the water. 
Thus, for example, a large boulder placed in a mass of fine sand will tend to block 
the passage of the water. As more and more of the large particles are added to a 
mass of uniform sand, the rate of flow of water through it will be decreased until 
the amount of the large particles equals about 30 per cent. of the total mass. From 
this time on the adding of the large particles will increase the capacity of the whole 
to transmit water until, if a very large quantity of the large particles be added, so 
that the original mass of fine particles becomes relatively negligible, the capacity to 
transmit will approach that of the mass of the large particles alone. These facts 
have an important bearing upon the capacity of gravels to furnish water to wells or 
to transmit water in the underflow of a river. The presence of large particles is not 
necessarily to be interpreted as indicating a high transmission capacity of the 
material, for this is indicated only when the large particles constitute a large 
fractional per cent of the total mass, as would be the case where the large particles 
equal 40 or 50 per cent of the whole. 


The rate at which water moves underground is controlled by the resist- 
ance of the soil openings and by the slope or difference in height between two 
given points in its course. Through such mixtures of sand, gravel and 
boulders in nearly flat beds as lie in the terraces of the Virginia Coastal 
Plain, the rate is to be measured by feet a day rather than by miles a day, 
as in a surface stream. On the south shore of Long Island are Coastal Plain 





aSchlichter, C. S., Field measurements of the rate of movement of underground 
waters, U. S. Geol. Survey, Water Supply Paper No. 140, 1905, p. 10. 
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beds resembling in texture and inclination some of those underlying terraces 
in Virginia. Velocities have been measured there that range from 15 inches 
to 12 feet a day.” 

Underground lakes and rwers.—The belief held by many persons that 
underground waters in places outside of limestone regions lie in lakes or 
move as rivers, has little foundation in fact. The lakes and streams reported 
by well drillers are merely beds of saturated sand. The rivers described with 
great particularity by some water finders often are pure fiction, the stated 
course of an underground river having no relation whatever to the geology 
of the district. 


Ground water tempcerature.—Soils absorb and radiate heat readily but 
transmit it slowly, so that daily temperature fluctuations are felt onlv a 
very few feet underground; even the changes from summer to winter become 
imperceptible at less than 100 feet, and the unvarying temperature there 
corresponds very closely to that of the mean annual temperature of the par- 
ticular locality. Several factors combine to determine the distance below 
surface of this zone of unvarying temperature. In Tidewater Virginia it 
apparently lies at about 60 feet. ‘Thus the temperature of shallow wells 
or springs varies seasonably, that of deep wells is constant. At depths of 20 
to 40 feet, depths equal to those of the average dug well in the Tidewater 
region, the cumulative results of the winter’s cold and the summer’s warmth 
are minimum temperature in the spring and maximum temperature in the 
fall, but the difference between maximum and minimum is slight. In shal- 
low, open wells the temperature of the water may be modified by heat taken 
from or given to the air, and changed decidedly by the entrance of water 
- from near the surface after heavy rains, but allowing for these contingencies, 
there is no ground for the belief of many a well-owner that the water from 
his well is cold in summer and warm in winter; a thermometer will show 
him his error. 

Chemical composition of ground water.—Rain that falls at the end of a 
shower is practically pure water. In passing through the soil the rain- 
water takes up carbon dioxide gas and also various salts. It attacks and 
slowly breaks down the resistant particles of the hardest rocks, reduces 
dense granite to grains of quartz and particles of clay, and completely dis- 
solves beds of shells. 

The chemical composition of the ground water at any point is deter- 
mined by the rainfall, the drainage, the climate, and the composition of the 


aSchlichter, C. S., Op. cit. p. 67. 
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soil. Where precipitation is as abundant as in Tidewater Virginia and 
underground circulation is active, the soil at a certain point may be leached 
of easily soluble compounds in a time geologically brief; the ground water 
will thereafter have little solid matter in solution and will be soft and 
limpid. On the other hand, if the circulation is difficult the leaching will 
be less, and the mineralization of the water will persist for a longer period. 

The soils of the higher terraces of the Coastal Plain of Virginia usually 
contain near scarps waters of extremely low mineral content; on the lower 
terraces the waters in places carry considerable iron or lime; on the lowest 
terrace, near the bay, where broad expanses of ground are covered by salt 
water during ligh spring tides, the ground water in places is distinctly 
brackish. 

Few complete analyses of waters from dug wells are available, and the 
field assays presented in table 7 do not show the wide variety in quality of 
the waters. The analyses of spring waters (table 7) show the low miner- 
alization of the waters from the sands of the high terraces. 


Normal chlorine.—Chlorine, a constituent of common salt, is found in 
all surface and underground waters. It is derived from the sea as salt spray 
borne inland with dust particles by the wind and precipitated in rains, from 
the soil minerals, and from organic wastes. Hence the chlorine content of 
surface waters, other conditions not being considered, is greatest near the 
seashore and diminishes inland. ‘The spring waters in table 7 show as a 
rule this chlorine decrease. In a given region the proportion of chlorine in 
the surface waters derived from soil minerals and from the sea is called the 
normal chlorine content of the waters. Any increase above the normal rep- 
resents drainage from habitations, since the density of population on a given 
area has a direct bearing on the proportion of chlorine contained in the 
water flowing from that area. Hence, chlorine above normal in a surface 
water is taken as evidence that the water is or has been polluted. 

Owing to variations in freedom of circulation and the composition of the 
soil, the normal chlorine content of the underground waters of a given 
region varies within wide limits, and a chlorine content above the normal 
of the surface waters does not necessarily denote pollution. A notable 
chlorine content in the waters from springs and shallow wells on high 
ground may indicate that the waters have been polluted, but many shallow 
wells near seashore tap waters that are normally brackish. High chlorine 
in the waters from a deep-drilled well is not necessarily evidence of pollu- 
tion. In the water from a pumped well it may or may not be suspicious. 
Increase of chlorine in wells near the sea is not uncommon under heavy 
pumping. 
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Pollution of ground water.—Decaying organic matter carried in solution 
from the surface to the ground-water zone may make the water of wells or 
springs in the vicinity highly colored and offensive. Such discolored, ill- 
smelling water is rightfully viewed with suspicion, but a water that is clear, 
colorless or odorless may be much more dangerous. ‘The menace to health 
is not the organic compounds in the water, but the microscopically small 
bacteria that cause specific diseases. These pathogenic germs may or may 
not be found in clear, refreshing spring waters having a local reputation for 
healthfulness or for curative properties. 

A sanitary analysis of a ground water shows the proportion of com- 
pounds presumably of organic origin—nitrates, nitrites, and ammonia—and 
the proportion of chlorine. The proportion of organic compounds and 
of chlorine is taken to indicate the probable sanitary quality of the water. 
The value of such an analysis is disputed by many chemists.* In Tidewater 
Virginia the almost universal use of wood-curbing in dug wells, the practice 
of dosing such wells with lime and salt after cleaning, and the large varia- 
tions in chlorine content of the ground water at places on the shores of inlets, 
combine to make the value of a sanitary analysis even more doubtful than 
for surface waters unless the chemist knows the local conditions. A bacte- 
rial examination of a suspicious water may be decisive, but in most cases 
no examination or analysis of a water is necessary to show its doubtful 
purity. A glance at the well surroundings, the nearby privy, pig-pen or slop- 
hole, or the leaky curbing that permits any kind of filth to be washed in at 
every rain, will suffice to show why the well water is to be regarded with 
suspicion. 

Areal extent of pollution.—In sedimentary deposits like those of the 
Virginia Coastal Plain, the decaying organic matter and the disease-spread- 
ing bacteria that reach the ground water are carried along its upper surface 
toward the nearest point of escape. The distance they may travel before 
they are destroyed by filtration and oxidation depends on the rate of move- 
ment of the water table and the fineness of the sands. Some recent experi- 
ments in Germany? showed that heavy pumping could make bacteria from 
a polluted well 177 feet deep pass through 69 feet of sand and gravel 
(porosity 32 per cent) to an unpolluted well of equai depth in nine days; 
whereas if the bacteria were forced into the soil above ground water-level 
no pollution could be detected after prolonged pumping. 


aLeighton, M. O., The futility of a sanitary water analysis as a test of potability; 
Biological studies by the pupils of Wm. Thompson Sedgwick, Boston, 1906, pp. 
36-53. 

bExperiments on the passage of bacteria through soil, Engineering Record, 1909, 
Nov. 4, vol. 60. 
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Where, as on many terraces of the Coastal Plain, coarse sand and gravel 
or shell marls underlie a few feet of surface loam, and the water moves with 
comparative freedom toward springs that flow from the terraces, conditions 
are particularly favorable to the spread of pollution underground. Any 
shallow well or any spring in the village may come under suspicion. 
Where waters from a possible source of pollution must pass through 10 feet 
or more of loam and sand to reach the ground-water zone the danger is 
lessened, but in general the radius of safety between well and source of pol- 
lution is not less than 100 feet. A dug well and a vault privy within the 
limits of the average 25-foot building lot favor a quick transfer of water 
from the well to the house and back to the well, but a more unsanitary ar- 
rangement can hardly be devised. 


EMERGENCE OF GROUND WATER. 


Seeps.—A large proportion of the ground water is returned to the sur- 
face or escapes below water level by seepage. Seeps make wet and boggy 
spots on slopes or at the base of scarps, and supply imperceptibly much 
ground water to bodies of surface water. Seeps differ from springs in size 
and localization of flow. Springs mark the escape of ground water moving 
in a definite passage through the open-textured portions of a porous bed or 
along crevices and solution passages in hard rocks. In other words, a spring 
is seepage water emerging in sufficient volume at one point to form a rill. 
No sharp dividing line separates seeps and springs; the gradation in 
volume and localization of flow is gradual. Many so-called springs in 
Tidewater Virginia are basins or shallow wells fed by seeps. 


Springs.—Speaking of the tidewater country in general, Hugh Jones,@ 
an Englishman who visited Virginia early in the eighteenth century, said: 
“good springs abound everywhere almost.” This statement holds true. 
Because of the liberal rainfall, the bedding of the Lafayette and Columbia 
sands, the manner in which pervious overlie less pervious deposits, and the 
many places at which the water table is exposed on bluffs and slopes or in 
gullies, springs of excellent water abound in most of the Coastal Plain 
counties. ‘They are most numerous in the counties near the “fall-line.” 
There are few where the surface is low and little eroded, as in Norfolk, 
Princess Anne, Mathews, Accomac and Northampton counties. 

Because of its composition, extent, position, and great dissection, the 
Sunderland formation is the source of a majority of the springs. 


fore eae Hugh, The present state of Virginia, London, 1724; reprint, New York, 
ie Vaan 
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TYPES OF COASTAL PLAIN SPRINGS. 


Few of the Coastal Plain springs gush from rock crevices like the springs 
of the Piedmont region, or issue as giant flows from large cavities, like the 
springs of the limestone regions of the Great Valley. Instead the waters 
gently flow from the sands along terrace scarps or in ravines, and the 
volumes are small. In places where hollows in the surface of an 
impervious stratum, a bed of clay, a band of iron crusts, collect the water 
from a considerable area are springs of larger size. In places also 
springs of good size flow from open-textured beds of shell marl. Three 
types of springs are distinguishable. They may be termed normal, 
perched, and artesian or boiling springs, and their characteristics are 
shown in Fig. 3. 
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Fig. 3.—Diagrams illustrating types of Coastal Plain springs. (a) Normal spring. 
(b) Perched spring. (c) Artesian spring. 


46 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


Normal springs.—Springs of the normal type are those that issue where 
the water table is exposed at ground-level. ‘They are found in hollows on 
terraces along the bases of scarps, and on low terraces. Hence they are 
common to all parts of the Coastal Plain and flow from all the formations 
exposed. Many are of shallow source and go dry every year. 


Perched springs.—This name has been proposed by Matson® for springs 
from perched ground-water, those that issue from above some impervious 
layer exposed in a stream gully or terrace scarp. The point of emergence 
may be 100 feet or more above the foot of the bluff, or the point at which 
the top of the main ground water supplies springs of the normal type. 
Perched springs are characteristic of that part of the Virginia Coastal Plain 
having topography of the western shore type—interstream divides sharply 
cut by V-shaped valleys of creeks, high scarps facing rivers—this area 
lying between Potomac River and the divide separating the Chesapeake 
from the Chowan drainage. Thousands of them issue from the base of the 
Columbia formations above sandy clays of the Chesapeake and Pamunkey 
groups. 

Artesian springs.—While the waters usually seep or flow from a slope, 
the face of a bluff or the side of a gully, in places there are springs that 
are slightly artesian, the waters rising with force enough to lift sand grains 
in the spring basin. Such are known as boiling springs. As a rule the im- 
previous layer from under which the waters rise is less than 10 feet below 
the spring basin and at some springs is covered only by a thin wash of sand. 
In places the source is deeper. 


SOURCES OF SPRING WATERS 


In general the springs are fed by the rainfall on the particular terrace 
from under which they flow. As the terraces are cut up by stream valleys 
and the ground water takes the easiest course to its point of escape, in the 
majority of cases the water does not travel more than a mile or two under- 
ground, and in many places springs of some size flow from a narrow rem- 
nant of a Columbia terrace capping a divide, where the gathering area is 
less than a quarter of a mile wide. 

The temperature of the spring waters shows that the springs are fed by 
the ground water of the terrace rather than from deep sources. Most “cold” 
springs have a temperature of about 58 to 60 degrees, or the mean annual 
temperature of the region. These “cold” springs flow from beds buried 50 





aMatson, G. C., Water Resources of the Blue-grass Region, Kentucky, Water 
Supply Paper, U. S. Geol. Survey, No. 223, 1909, p. 40. 
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feet or more. Springs which show higher temperatures than the annual 
mean do not have this temperature the year round. The water gets warmer 
in summer because of the shallow cover of the source. No spring in Tide- 
water Virginia, so far as known, has throughout the year a temperature 
above normal, as have the deep flowing wells, and evidently no spring freely 
rises from a depth of several hundred feet. Those that are coldest in the fall 
have the deepest source, and this source is not deep enough to show the in- 
crease of temperature due to depth. 


PERMANENCE OF FLOW 


Many springs in the Coastal Plain fail in every dry summer. Many 
vield less water after several months of drought, and many show slight dif- 
ference in volume. These differences represent differences in the magnitude 
of the fluctuations of the water table. 

Near the edges of high terraces wells go deep for water, and the height 
of the water in the wells changes but little during the year; springs flowing 
from the scarps of these terraces have much more uniform flow than those 
in hollows on terraces away from scarps, where wells are shallow and are 
full in the spring and dry in the fall. Still there are springs having imme- 
diate shallow sources that flow the year through with little reported change 
in volume. Some such springs evidently are supplied by water that comes 
through a confined channel so small in proportion to its length that fluctua- 
tions of ground water level are minimized. Springs flowing from crevices 
in granite in hollows of high terraces are of this class, other springs which 
show little change in volume though having apparently shallow covers are 
fed by the water that comes from under a terrace above the one that seems 
to supply them. 

PURITY OF SUPPLY. 


Pollution of spring sources——As most of the Coastal Plain springs flow 
from sandy beds covered by loams, surface waters undergo filtration in 
reaching the ground-water zone and in traveling to the point of emergence. 
Hence as a rule the springs of the Coastal Plain, if properly developed, are 
not likely to be the source of disease. On the other hand, where cities or 
villages stand on terraces having a thin cover of loams and coarse sands 
below, the ground water is easily contaminated by leakage from cesspools 
or sewers, or the impurities washed into dug wells, and springs flowing 
from the scarps of such terraces may be altogether unsafe no matter how 
clear, sparkling and refreshing their waters are. 
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Quality of spring waters.—The quality of the spring waters varies widely. 
As a rule the waters from the Columbia sands of the higher terraces are soft, 
contain little iron, and are suited for all domestic purposes. Springs from 
the lower terraces show greater differences. Many “marl springs” that flow 
from shell-marl beds in the Pamunkey or Chesapeake group, yield hard 
water. Here and there, particularly along the western edge of the Coastal 
Plain, are small springs whose waters contain sulphates of iron and alumina. 

The analyses in table 6 show the characteristic differences in mineraliza- 
tion of the springs flowing from sands, from granite, and from marl, and 
the modifications resulting from topographic position. The granite, and the 
sand and gravel springs of Alexandria and Chesterfield counties contain less 
than 100 parts per 1,000,000 of total solids, and many are extremely soft, 
some containing less than 1 part per 1,000,000 of calcium. ‘They are also 
low in chlorine. Evidently the sources of mineralization of the granite and 
the slightly mineralized sand springs are approximately the same, being 
derived from well-leached or relatively insoluble soils. On the other hand, 
the marl springs and the springs in low terraces near Chesapeake Bay 
show as a rule more total solids, more lime, and more chlorine. ‘lhe most 
heavily mineralized waters in the table are those from two marl springs, 
one in Surry County and one in Sussex County. 


DEEP AND ARTESIAN WATERS. 


Function of ground water—The greater part of the ground water in 
Tidewater Virginia does not rest on a clearly defined impervious floor, but 
lies above more or less pervious rock or unconsolidated material and there 
is no sharp line of demarcation between the ground water and what may be 
called, for convenience, deep or artesian water. Where, as in the Piedmont 
province, there is a mantle of rotted rock and residual soil, or where, as in 
the Coastal Plain, there are blanket-like formations of unconsolidated mate- 
rial, it is often convenient to take the top of solid rock or of beds older than 
those lying at the surface as the base of the ground-water zone and to regard 
the surface material as constituting a great sponge, its function being to ab- 
sorb and store precipitation and slowly feed ground water to crevices and 
porous beds in the underlying formations. 


Deep circulation.—Circulation below, as in the ground-water zone, is 
determined chiefly by gravity, but although in a general way influenced by 
topography, it is closely controlled by geologic structure. The porosity of 
the beds, their dip, the size and extent of cracks or fissures, are more im- 
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portant than topographic differences. So while the ground water flows 
down a valley, the deep water may move in a direction at right angles to 
the valley’s trend. 

The deep circulation may extend to far greater depth at one place than 
at another. Thus, where porous beds are steeply inclined or the continuity 
of rock masses is broken by profound fissures, water may circulate thousands 
of feet below the surface. On the other hand, where thick flat beds of shale 
lie near the surface there may be little or no deep water, as in certain 
regions of Pennsylvania and adjacent states. 

While primarily governed by gravity, deep circulation may be assisted 
by the increase of temperature with depth; the waters from the surface 
working downward reach higher and higher temperatures until, through 
some comparatively free way of ascent, they rise and emerge at the surface 
as thermal springs. Also, deep waters may become so charged with gases 
that they rise more strongly than by difference of level alone. 

In the Coastal Plain of Virginia deep circulation is along gently inclined 
porous strata and neither gain in temperature nor gaseous content is an 
important factor in the movement of the water. Flow down hill is suff- 
cient to account for the facts observed. Yet, while the water moves down 
the dip of the porous beds toward the sea, the course of a single drop may be 
anything but a straight line. The beds are not of uniform texture for long 
distances. Instead, the water-bearing sands form irregular partly connected 
or discontinuous lenses, here coarse, here fine, and a drop following the line 
of least resistance may move down, across or even up the general dip of the 
beds. ‘The limiting depth of active circulation is unknown, but the high 
mineralization of the deep waters in the Norfolk region indicates that 
their circulation is feeble. 


Temperatures of deep water—The thermal gradient, or rate of increase 
of temperature with depth, varies from place to place being most rapid in 
regions of recent volcanic activity. Unless running freely through open pas- 
sages, underground water has the temperature of the material in which it 
is found. Hence temperatures of a large number of wells of varying depth 
show the temperature of the line of no change, its distance below the surface, 
and the increase of temperature with depth beneath. 

Some observations in Tidewater Virginia indicate that the mean tem- 
perature of the line of no change is 56° to 59° and that the line lies at 
least 50 feet below surface; its exact depth was not determined because of 
the difficulty of getting the temperature of the water in the relatively small 
number of wells 50 to 100 feet deep. 


io | 


50 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


Temperatures of flowing wells measured at the surface are subject to 
error. In most of the older artesian wells in Tidewater Virginia casing 
goes only to some dense bed below the Columbia sands and gravels. In some 
areas, as at West Point, two or even three deep water beds have been pene- 
trated, and the flows from all the sources mingle, so that the temperature at 
a certain well is not the temperature of any one flow. Again in rising 
through several hundred feet of pipe water loses heat. Hence of two wells 
side by side tapping the same water bed, the one poorly sunk or cased that 
yields a mere dribble will show a decidedly lower temperature than its freely- 
flowing neighbor; for the same reason the flow of a 6-inch well will show 
the temperature of the source more accurately than that of a 2-inch well. 

Temperatures of a considerable number of flows were taken in the course 
of field work, as shown in table 6. These temperatures are subject to the 
possible errors above stated, the most trustworthy figures being those of the 
freest flows. 

In the following table are grouped the depth and temperature of flow 
of a number of wells: 


Temperatures of artesian flows in Virginia Coastal Plain. 














| Probable 
| Temperature mean 
. of flow ann. temp. 
gta Depth | Flow of locality 
(Feet) (gal. per min.) (°F) (°F) 
Mount* Folly 6 acres s 153 | 15 | 63 
Chain Kerry, ¢.1 05. ee 172 10 62 
Warsaw ties iitces ess. f 188 16 62.5 
GOan Tres ee rs ea ' 188 16 62.5 
Tappahannock ......... 256 5.5 62.5 56 
Bonlevard: 2... Gen se ohne 266 52 | 63 57.5 
RIINIGRTO WANs ic, ae oie is oe 270 (6-inch well) 40 65 56.5 
Bayport vee sor eee 300 20 64 56.8 
JOIMOREOWIV wane Peon 300 (38-inch well) 78 64 56.5 
HTOODOTG nak tee maar 330 2 63 
WestiPoimnt' . cose 335 37 66 
Cairtis oe Olt» 2. Rete 361 2 Wee ain 56.6 
Teehalenc.. 1oe eee 400 2 65 56.4 
Urbana i oc ee se es 476 25 68 56.8 
Iryin@lOn ree ga ea oe ee 580 69 56.3 
Lamberts bomt, =. ae 616 51 1 59 











Selden. tana ese ee ease 716 52 70 57 


The indicated average gradient of 1° for each 40 feet increase in depth 
is probably a close approximation to the truth. 

The above table subject to the errors indicated may be used for roughly 
checking the depth of a well. For instance, the water from the bottom of a 
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well 300 feet deep should have a temperature of about 64° F. This check 
however is of no value unless an accurate instrument is used. Many cheap 
thermometers are not correct within 2 degrees, and to use one of these is a 
waste of time. 

Composition of deep water—The substances in solution in the deep 
water at a given point necessarily bear some relation to the composition of 
the enclosing beds, to the depth below surface, and to the freedom of 
movement, but this relation is often extremely obscure. The chemical re- 
actions that take place, under the conditions of circulation in solutions as 
dilute as most underground waters, are hardly comparable with the 
reactions observed in a chemical laboratory. 

In Tidewater Virginia the mineralization of the deep waters increases 
toward the southeast. This change is not directly due to increase of depth, 
nor has it been shown to be due to changes in the composition of the en- 
closing beds. The rank of the controlling factors is discussed in the con- 
sideration of the artesian flows of the Norfolk-Newport News area. De- 
fective circulation seems most important. 


ARTESIAN WATERS 


Definition of artesian—The term artesian well has different meanings 
in different parts of the United States, being applied variously to all bored 
or drilled wells much deeper than the dug wells of the particular locality, 
to deep wells in which the waters rise, and to wells in which the waters rise 
and overflow. Even in Tidewater Virginia usage is not uniform. Both the 
deep drilled wells with water-level 100 feet below surface, at Richmond, and 
the much shallower flowing wells along river banks or the shores of Chesa- 
peake Bay are called artesian. In this report the word artesian is used 
to designate the hydrostatic principle, the tendency of water to seek its 
level. Hence artesian waters are those which rise when the beds containing 
them are tapped. An artesian slope is a slope with artesian water below it, 
and an artesian well is one that taps artesian water. A well in which the 
water rises above ground-level is called a flowing well. 

Artesian conditions—Flat-lying ground water obviously cannot be arte- 
sian ; the water in a well sunk to it will stand at the level of the water table. 
Difference of elevation is essential, the other conditions vary from place to 
place. 


aFor a discussion of all the factors involved, see Summary of the Controlling 
Factors of Artesian Flows, by M. L. Fuller, U. S. Geol. Survey, Bull. 319, 1908, 
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In Tidewater Virginia the governing conditions are these: 

(1) Sufficient rainfall. 

(2) Porous beds that receive rainfall directly or indirectly. 

(3) Differences of elevation. 

(4) Sufficient slope to the porous beds to carry them below less per- 
vious beds. 


Coastal Plain an artesian slope-——The Coastal Plain formations dip 
seaward. ‘They contain water-filled open-textured beds overlain by relatively 
dense beds. The confined waters are artesian, and the Coastal Plain is an 
artesian slope. Some conditions causing artesian water are indicated in 
Fig. 4. 
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Fig. 4.—Diagram illustrating artesian conditions in the Coastal Plain Province of 
Virginia. (a) Well penetrating two artesian sands; strong flows because of 
sands pinching out or becoming clayey. (b) Well finding no water in beds 
penetrated by (a), but drawing on a water bed that does not outcrop. (c) Well 
to isolated sand bed, water under low head. 

Source of artesian water.—To account for flowing wells some persons 
assume a great difference of elevation is necessary and say of the water gush- 
ing from a bore hole that it must “come from the mountains.” They do not 
realize that there is no difference in principle between water rising in a well 
to 10 feet above the water bed and water rising to surface, nor do they 
realize that the heads of the flowing wells are low in comparison with the 
elevation of hills not far distant. The water that gushes from a well in 
Tidewater Virginia either entered the artesian bed at its outcrop or was fed 
to it from overlying beds. In either case the water entered the ground 
within the Coastal Plain. Some topographic relations of the artesian flows 


are shown in Fig 5. 
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Fig. 5.—Diagram illustrating relations of head of artesian wells to topography in the 
Coastal Plain Province of Virginia. 


—~ 


ARTESIAN WATERS. ae 


Initial head.—As the Potomac, Rappahannock, Pamunkey, Mattaponi, 
and James rivers have cut valleys to the western edge of the Coastal Plain, 
the outcrops of beds or zones that carry artesian water to the east are ex- 
posed from tide-level almost to the tops of the interstream divides. Hence 
what may be called the initial head of the waters is not represented by the 
elevation of the porous beds at their edges on the divides nor by the height 
of the water table in deposits overlying the upper edges of the beds, for there 
is leakage toward the valleys. 


Loss of head.—Ordinarily water never rises as high in a well as the level 
of the ground water supply of the artesian bed. ‘This loss of pressure is due 
to the frictional resistance the water has met in passing through the sands, 
and to leakage in the journey to the well or down the dip of the beds beyond 
the well. Where water is confined under pressure in a widely-extending 
bed of uniform size sand grains through which the movement of water in 
any given direction is very slow, the flow to a well is along the bed from all 
directions at practically the same velocity, and the loss of head by frictional 
resistance during transmission from the distant source is small. Thus in 
that vast artesian reservoir of the Great Plains—the Dakota sandstone—the 
loss of head down the dip is only about 1 foot per mile. Water in beds 
of sand less evenly sized or less confined shows much greater loss of head, 
100 feet per mile or even more. 

In the Coastal Plain of Virginia are artesian sands in which the size, 
the angularity, the evenness of assortment, and the looseness of the compo- 
nent grains vary greatly, hence water circulates through them at various 
rates. On this account, and because of the uncertainty as to the probable 
initial head of the water found at any place, and because of errors in drilling 
and casing, it is difficult if not impossible with present records to determine 
the loss of head per mile of the water in a particular sand or connecting 
series of sands. In some places the more eastern wells show higher heads 
than do other wells to the west tapping the same formation at about the 
same horizon. 


Ponded water.—Though the water that enters an artesian bed in the 
Coastal Plain deposits tends to move downward, that is seaward, toward 
some point of escape, ever getting deeper under cover, there are undoubtedly 
waters confined by sand beds pinching out or becoming clayey in all direc- 
tions but one, and therefore practically stagnant. Such stagnant or ponded 
waters far below sea-level may be highly mineralized, because the sands in 
which they lie have not, since deposition in the sea ages ago, been thoroughly 
flushed by vigorous circulation, or because in depressions of the land the 
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beds up the dip were saturated with sea water which displaced the fresh 
water below. 
FLUCTUATION OF LEVEL IN ARTESIAN WELLS 


Some agencies that cause fluctuations in the level of the upper surface 
of the ground water, the water table, cause fluctuations of the water in 
artesian wells. The most effective in Tidewater Virginia are changes of 
level in bodies of water on the surface. Since there can be no free com- 
munication between the deep and the surface water, otherwise the deep 
waters would not be artesian, there can be no direct transmission of water, 
nor of pressure, through porous beds. ‘The pressure is transmitted through 
the relatively impervious beds that confine the artesian water. A river 
flood, a high tide, a flooded swamp means increased load; this pressure is 
transmitted downward to the covered sands through the saturated but 
impervious clays, causing a slight plastic deformation, and the water in 
wells sunk to the sands rises. In flowing wells this rise is shown by 
increased yield. 

There are along Chesapeake Bay and its tributary rivers hundreds of 
wells showing marked tidal changes, some flowing only at and just after high 
water. In fact it is probable that all the deep wells on the shores of Chesa- 
peake Bay or its tributaries show tidal changes, though in some the rise 
and fall of water are very slight and are not detected. 

A change in atmospheric pressure can affect deep wells as it affects shal- 
low ones. If the well flows, increased pressure may be shown by diminished 
yield. Near Sealston, in King George County, John Curtis has a 2-inch 
drilled well, 250 feet deep, that normally yields about two-thirds of a 
gallon per minute, the water rising only a few inches above the surface. 
This well flows most strongly before an easterly storm (when atmospheric 
pressure is less than normal) and during one period of cold weather with 
northwest winds (high atmospheric pressure) it ceased flowing for two days. 


QUALITY OF ARTESIAN WATERS. 


The wells drilled to the known Potomac sands are either near the western 
edge of the Coastal Plain or far to the east, there being none in the inter- 
mediate areas. Hence it is impossible to trace the changes in mineraliza- 
tion of the Potomac waters under cover. Similarly, as Upper Cretaceous 
beds have been recognized only in deep borings near Chesapeake Bay, noth- 
ing definite is known regarding the quality of the water in Upper Cretaceous 
beds further west. It is certain, however, that the waters in both the Poto- 
mac (Lower Cretaceous) and Upper Cretaceous beds show a progressive 
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increase in mineralization toward the southeast, like the waters in the 
Pamunkey and Chesapeake sands. The increase in bicarbonates is the most 
noteworthy feature. Waters which near the outcrop of the beds may be 
either soft or hard, take up bicarbonates, and if originally hard become soft 
by losing much of the lime they contained. Such sodic bicarbonated waters 
are not peculiar to Virginia; they are found in other parts of the Coastal 
Plain, especially in South Carolina. But in Virginia they underlie the 
larger part of the Coastal Plain west of Chesapeake Bay, and are remark- 
able because they differ decidedly from the ground water from which they 
are derived, and because the change from the calcic bicarbonated (hard) 
ground water in the mar! beds of the Chesapeake and Pamunkey groups to 
the sodic bicarbonated (soft) artesian waters, takes place during a rela- 
tively short underground journey. As a rule the artesian waters become 
more mineralized by taking up chlorine, bicarbonate, sulphate, and sodium 
radicles; that is, while there is a decided increase in the proportion of several 
acid radicles there is less increase in the basic radicles, except sodium. 

At some places, as for instance, Hardings, Northumberland County, 
and Smithfield and Shoal Bay, Isle of Wight County, there are waters that 
are practically dilute solutions of sodium bicarbonate. Although chemists 
have reported high carbonate contents in the waters at several places, these 
waters may actually contain no carbonates, or little more than a trace. It 
is probable that at comparatively few places does the content of carbonates 
amount to over 30 parts per 1,000,000. ‘The carbonate content reported in 
some analyses represents the chemist’s opinion rather than the salts actually 
in solution. 

Bicarbonated waters stimulate the growth of alge. The difference in 
this respect between most ground waters and the soft artesian waters is 
striking. A heavy growth of “green moss” accumulates in troughs and 
about the mouths of flowing wells in many counties west of Chesapeake Bay. 

Sodium bicarbonate waters have certain physiological effects and are not 
well adapted for all industrial purposes. Their healthfulness, their value in 
the treatment of disease, and their suitability for specific uses in the arts, 
are considered in another chapter. 


ARTESIAN SANDS 


Number.—It is extremely doubtful if there is a single water-bearing 
stratum in Tidewater Virginia that is of wide extent. The water beds are 
to be regarded as sands of varying porosity, laid down in interleaved len- 
ticular deposits containing discontinuous streaks of hard rock. Thus while 
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the wells along any given stretch of river may reach the same artesian 
zone, the depths to the points from which freest flows come may vary ir- 
regularly. 

The total number of the artesian sands is unknown. Few wells have 
been sunk deep enough to prove all of them in the formations above the 
top of the Potomac group, and the Potomac, under cover the thickest 
of the groups, contains more sands than all the overlying formations 
combined. Yet except for what is told by the records of the Fort Monroe 
and Norfolk City Water Works wells nothing is known of the Potomac 
sands under cover far from their outcrops. 


Potomac sands.—The Patuxent formation contains sands that under 
cover are probably as irregularly bedded as in their outcrops. Hence 
at one place the Patuxent may contain several beds freely yielding water, 
and at another not far distant show but one or two and these of feeble yield. 
Still, except in Norfolk, Princess Anne, Elizabeth City, and Mathews 
counties, and the eastern end of Gloucester County, good water is to be 
expected from the lower Potomac formation along the entire western shore 
of Chesapeake Bay, the mineralization increasing, deep under cover, toward 
the southeast corner of the State. The best chance for liberal yield is near 
bed rock rather than some distance above. On the Eastern Shore the Poto- 
mac lies so far below surface that there is little hope of getting good water 
from its lower beds. ‘The most important wells drawing on the Patuxent 
are at Alexandria. 

The Patapsco formation, or upper part of the Potomac group, contains 
water-bearing sands, though toward its outcrop only a few artesian wells 
are known to draw on them. Of the eastward extent of the Patapsco, as 
of the Patuxent sands, little is known. The upper part of the 1,300 feet 
or so of Potomac strata found in the Norfolk area has been shown to 
contain a number of water beds, and it is probable that under the whole 
of Tidewater Virginia, the upper Potomac contains artesian water, though 
the quality of the water is variable, and in the southeast part of the State 
is poor. On the Eastern Shore there is a possibility of getting fair water 
from the upper beds of the Potomac near the Virginia-Maryland line, but 
there is little chance of good water from the Patapsco formation in North- 
ampton County. 

For a fuller discussion of the quality of the supplies obtainable from 
the deep-lying Potomac beds the reader is referred to the account of the 
deep wells of the Norfolk-Newport News area in another chapter. 


Pamunkey sands.—Though they vary irregularly in thickness, the water 
beds of the Pamunkey have much more continuous layers than those of the > 
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Potomac, and because they le nearer the surface have been drawn on by a 
far greater number of wells. ‘They have been developed along the Potomac, 
Rappahannock, and James rivers, and reached by a few wells near Chesa- 
peake Bay. 

Of the two Pamunkey formations the Aquia is more important as an 
artesian reservoir than the Nanjemoy. ‘The former underlies a wider area, 
and has been more developed along the Potomac and Rappahannock rivers. 

The Nanjemoy formation is, however, an important water-bearer and 
near its base contains sandy beds that have been tapped by many wells 
between Potomac and James rivers. Little is known of the extent of the 
Nanjemoy formation south of the James; apparently it thins or is cut out 
along a northwest-southeast line so that few, if any, of the many wells in 
Southampton County draw on it. 

Chesapeake sands.—In Tidewater Virginia the number of artesian wells 
drawing on Chesapeake sands is greater than the combined number of 
those drawing on Pamunkey or Potomac beds. This is because the artesian 
beds of the Chesapeake, in much the greater part of the area, yield fair to 
liberal supplies of good quality. Hence the beds below the Chesapeake 
have been explored only near or beyond the western edge of the Chesapeake 
outcrops, or where the Chesapeake supplies have been unsatisfactory. 

Most of the artesian wells on the western shore of Chesapeake Bay in 
the territory lying east of a lne running from Pope Creek, on the 
Potomac River, through Piping Tree, on the Pamunkey River, to Clare- 
mont, on the James River, draw on Chesapeake sands. 

Well records along the Potomac and the Rappahannock rivers show a 
number of Chesapeake sands. They are thin and of varying persistency. 
The most persistent are in the lower half of the group in the Choptank ( ?) 
and Calvert formations, especially the latter. Those near the top, in the 
St. Mary’s and Yorktown, are more patchy. Along York and James rivers 
the sands yield water less freely than to the north, and toward the mouths 
of these rivers the Chesapeake contains few sands that give flows and these 
are neither continuous nor regular. 

On the Eastern Shore irregularly distributed sands near the top of the 
Chesapeake group, possibly high in the Yorktown formation, contain 
artesian water that supplies a few flowing wells along inlets from the bay 
or the ocean. This water varies in quality but on the average is very 
different from the artesian supplies found in Chesapeake beds on the western 
shore of the bay. 
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Columbia sands.—Generally thin, and for the most part lying above tide 
level, the Columbia sands on the western shore of Chesapeake Bay contain 
artesian water but rarely. Here and there “boiling” springs show artesian 
conditions but no flowing wells drawing on Columbia sands have been 
reported. On the Eastern Shore the Columbia sands are thicker and local 
conditions favor the storage of water under pressure in beds 50 feet or so 
below surface, which are here classed as Columbia. 

The relation of some of the artesian water beds in the Potomac, Upper 
Cretaceous, Pamunkey, and Chesapeake groups are shown by the sections 
given in Fig. 6. 

Flowing well areas.—As very few flowing wells in Tidewater Virginia 
have heads that are more than 35 feet above sea level, and heads on the 
HKastern Shore are under 10 feet, the flowing well areas are limited to the 
low ground bordering the bay or the ocean, and to strips of country of 
varying width along river and creek valleys. In other words, the flowing 
wells are confined to the shores, or to the terrace slopes. Enough drilling 
has been done to establish the extent of several artesian horizons west of 
Chesapeake Bay. It is certain that water which will rise above tide level 
can be had along the principal rivers from a short distance east of the “fall- 
line” to their mouths. Waters which will rise 25 feet above tide can be 
had along Potomac River east of Matthias Point, along the Rappahannock 
from 15 miles east of Fredericksburg, along the Mattaponi below Beverly 
Run, along the Pamunkey below Enfield, along York River, and along the 
James below Wilcox Wharf. Wells of high head can also be had around 
the east end of the peninsula between Potomac and Rappahannock rivers. 
Between Rappahannock and James rivers, however, in Mathews and 
Elizabeth City counties, several deep wells did not get flows and the yield 
of others has been disappointingly small. East of Norfolk, in Norfolk 
and Princess Anne counties, flows can be had, but the prospects for potable 
water from the formations which give fine flows to the west and northwest 
is distinctly -unpromising. 

Water that will rise 20 feet above tide, and in places even higher, can be 
had along Blackwater River south of McClelland, along Nottoway River 
south of Lumberton and along its principal tributary Assamoosick Swamp 
south of Littleton, along Three Creek east of Arringdale, and along 
Meherrin River from 15 miles below Emporia. As there are no topo- 
graphic maps that show the lowest terrace along all the rivers, it is impossible 
to state the total extent of the area on the west side of Chesapeake Bay in 
which flows can be had. 
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6.—Sections across the Coastal Pla 
relations of artesian sands and of wells drawing on them. 


not shown except in section from Richmond to Virginia Beach, 


Fig. 
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On the Eastern Shore, where the heads of the artesian waters are much 
lower, flows may be had along the shore in many places, as shown by the 
records in table 1. They can not be had at every place where the surface 
elevation is less than 5 feet, though it is probable that the flowing well 
areas will prove to be more extensive than the records indicate, particularly 
along the ocean side of the peninsula. 

Some of the many flowing wells and the westward limits of flows from 
sands in the groups of formations are indicated in Plate I. 


Conservation of artesian supplies——The artesian supples obtainable 
under the greater part of the region investigated are so abundant that their 
conservation and even their most advantageous development have received 
little attention. The situation at West Point and at Colonial Beach, 
where hundreds of wells no longer flow, depriving owners of advantages 
that in the aggregate have a large money value, shows that conservation 
can not be neglected. While such severe restrictions on the use of under- 
ground water:as some states have imposed are not required, there is already 
need for local regulation. Waste is unnecessary and may work public 
injury. Where many wells have been driven those on low ground need 
not be allowed by unrestricted flow to diminish or cut off the flow of wells on 
higher ground. Neither is it right that the static head of the water in an 
underground reservoir should be lowered to the detriment of innocent 
parties by the insufficient casing of new wells or by the neglect of old wells. 
The casing of wells at wharves may be damaged by accident or corrosion, 
allowing a part or the whole of the flow to escape below tide level. It 
is obviously unjust to permit this where it means loss to other property 
owners, and where it can be prevented by the simple expedient of plugging 
the well. It is true that at both Colonial Beach and West Point there are 
undeveloped sands that can furnish plenty of water, and the depletion of 
all the sands is a remote contingency, but this does not alter the essential 
injustice of permitting the impairment of an important natural resource, 
and the depreciation of private property by carelessness and neglect, 
especially when preventive measures are simple and inexpensive. Sooner 
or later the fact that the interests of the public are superior to those of 
any individual will be so generally recognized that unnecessary waste will! 
not be tolerated. 


RECOVERY OF WATER 


CISTERNS 


The cistern is one of the oldest human devices for procuring a supply 
of drinking water, and it remains the most practicable source of supply in 
many localities. Cistern water is soft and is usually regarded as pure, 
hence cisterns are dug where ground waters are hard, irony or brackish, or 
are liable to pollution. In the Coastal Plain of Virginia there are some 
villages and many isolated dwellings that rely chiefly on cisterns. The 
sanitary quality of the water stored compares favorably with what is 
obtained by the ordinary type of dug well but is seldom as excellent as it 
is thought to be, since cisterns, like wells, may be polluted from below and 
from above. Some cisterns are not tight and impure ground water can 
find its way in when the level of the cistern water is below the water table. 
Many cisterns are not properly covered and back-yard dust and insects 
get in. The chief source of contamination, however, is from the roof. 
Dust, dead insects, and the droppings of birds fall on roofs and accumulate 
in eaves troughs to be washed into cisterns at the first shower. Where 
birds perch on buildings the danger of contamination is obvious, but even 
where such gross pollution is not apparent, danger may lurk. The small 
box filters of sand or charcoal, such as are often used, do little more than 
remove visible impurities; the bacteria that cause disease pass through. 
In fact, such filters, unless the contents are frequently renewed, may become 
breeding places for pathogenic germs. 

Good cistern water is rain water properly collected and properly stored. 
Hence, cisterns should be tight, also they should be large, that only the 
best rainwater need be saved, that which falls at the end of showers when 
the air is free from dust and roofs and gutters are washed clean. There 
should be provision for diverting the water from the roof during the first 
part of a shower, and if filters are used they should be large so that the 
water will have to go through not less than 3 feet of fine sand before it 
reaches the storage chamber. In addition the cistern should be tightly 
covered and provided with a good pump. To allow farm laborers to bail 
water from a cistern is to invite infection. 


SPRINGS AND SEEPS 


Probably 90 per cent of all the springs in the Coastal Plain area issue 
as small flows from sandy beds in the Columbia formations, or from sands 
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and marls in the Chesapeake. Some of the marl springs are of considerable 
volume although none are known that approach in size the large limestone 
springs of the western part of the State. In former days it was customary 
throughout Tidewater Virginia to supply the manor houses, when possible, 
with spring water—in fact the location of many houses was determined by 
the finding of a suitable spring. A wood or masonry basin and a wooden 
shelter as a spring house were the usual improvements, and buckets the 
means of conveyance, though sometimes a hand-power pump at the spring 
forced water to a tank in the house. It is no longer easy for the average 
household to obtain water in the old way, and the use of springs for house- 
hold supply has greatly diminished. 

Improvement of springs.—The improvements required at springs are 
few. A basin of tile or concrete, or even of wood, with a spout and a 
tight cover, are the chief requisites. The common arrangement of an open 
basin from which water is dipped, and steps leading down to the basin, 
facilitates pollution. 


Use of rams.—To have a supply of spring water in a dwelling above the 
spring is in many cases neither difficult nor expensive. A ram costing 
perhaps $10 at point of shipment and a few hundred feet of pipe are the 
essentials. The yield obtainable is dependent on several factors—the fall 
from the spring to the ram, the height at which the water is to be delivered, 
and the distance of the ram from the spring and the point of delivery. 
A simple formula for rough calculations is one-seventh of the flow to four 
times the head—that is a ram fed by a flow of 7 gallons per minute under 
? feet head will elevate 1 gallon per minute to a height of 28 feet, or 2 
gallons to a height of 14 feet. The smallest rams installed require at least 
11% gallons of water per minute for 3 feet of fall. 

Objections are sometimes made to rams and tanks. The commonest is 
that by storage the water becomes unpalatable. Against this is the con- 
venience of tap water. Between a well-situated spring and a dug well 
situated and curbed as too many are, the sanitary advantages are all with 
the spring. The main point in installing a ram is to have ram and pipe large 
enough to handle the water easily. Failure to measure the quantity of 
water available and the use of too small equipment are the chief causes of 
disappointment with new installations. 


COLLECTING TUNNELS AND DRAINS 


General statement.—The point where the upper surface of the ground 
water, or where some water-bearing sand reaches the face of a bluff or 
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terrace scarp, is frequently more or less hidden by wash. Hence it has 
happened that a small visible flow has been utilized when a larger yield 
could have been had by a little digging in a better situated or more con- 
venient place not far distant. Where seeps on the faces of bluffs cause 
landslides that may destroy the beauty of a dwelling site, or do other 
damage, a small outlay of labor may not only stop the danger but develop 
a liberal supply of water less liable to contamination than that obtained by 
dug wells on top of the bluff. 

Mount Vernon collecting tunnels——-A good example of how to make the 
most of such springs is to be seen on the face of the 125-foot bluff at 
Mount Vernon, on the Potomac. Here small flows and seeps of water that 
emerge at 50 feet above tide from Potomac sands locally indurated to 
ferruginous sandstone, caused slips of overlying clay beds which threatened 
serious injury to the premises. The bluff shows the following section: 


Section of the bluff at Mount Vernon on the Potomac. 





Group and formation Material Thickness | Depth 

COLUMBIA; Sunderland|Soil io. vena e ee ee mele ie 1 1 
Gravel 24.20. adie, on tee eee ee re | 7 8 

PoTOMAC Dryvred (Clavycng ois oct. te ere 20 38 
Brown and yellow clay. e020 fea tn 25 63 
Putty clay, pockets of water........... 2 65 


Sand and sandstone indurated by iron 
near face of the hill where tree roots 








reached water; water-bearing at base 10 75 
| Drya DIG Clay se cuts way «sigh + ae we ee t 82 
Dry ared.<elayowt) see atte eon, reset 20 102 
Brown and iyellow clay. sivas ese ee 10 112 
Dry, putty: clay... 2th kc wee Gee 1 113 
Dry sandstone, no water at contact with 
pr ely below vas co's res els ee ee aes 4 117 
Ble: Clays esis. = sae case teeterheteiere oe ot 2 6 123 





Under the direction of William Archer tunnels 6 feet high and 31% 
feet wide were run nearly east and west in the 7%-foot bed of blue clay 
below the sand and indurated sandstone. The first tunnel, which carried 
2 feet of blue clay in the headings, was driven east 279 feet on a grade of 2 
inches in 100 feet, and cut all seeps on clay level at right angles. At a 
sudden V-shaped depression, which carried much water, an underdrain 41% 
feet deep and 214 feet wide was dug. In this ditch 2-inch tiles were laid 
on 3 feet of rammed gravel, and covered with coarse washed gravel. Another 
tunnel was driven west 121 feet and filled with gravel. In August, 1906, 
the long tunnel was flowing 10,500 gallons in 24 hours, and the short tunnel 
7,500 gallons. | 
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The flows from the tunnels go to brick catch-basins, thence to two rams 
situated 18 feet below. With both rams running, 2,500 gallons a day are 
pumped to tanks 150 feet above river level. 

According to Mr. Archer, the tunnels have dried the face of the bluff 
for twice their length, have stopped land slips, and are an unqualified 
success. ‘They seem to drain the overlying Columbia gravels as well as 
the spring bed. A 20-foot dug well on the terrace, 80 feet above the ditch, 
is said to have gone dry since the completion of the tunnels, and the water 
in another dug well 100 feet from the bluff has been preceptibly lowered. 

In ordinary practice there is no need of tunneling to develop hill-side 
springs. A gravel-filled trench to the bottom of the water-bearing bed, a 
covered catch-basin, a ram and pipe are enough. Since the work can be 
done when other farm duties are not pressing the labor expense may be 
small. There are many seeps and wet spots along the higher terrace scarps 
and river bluffs in Tidewater Virginia that can be developed by a little 
trenching. 

WELLS 


With the lessened use of springs as sources of domestic water supply 
there has been a great increase in the number of wells, until now, in most 
rural communities, every house has its well. As the wells are sunk to 
recover underground waters that are found under very different conditions, 
they vary greatly in depth, diameter, and yield, but may be divided into 
four classes as follows: (1) Dug wells; (2) Bored wells; (3) Driven 
wells; (4) Drilled wells. 


Dug wells.—At present, chiefly because of its low first cost, the dug well 
is the mainstay of a majority of the inhabitants of the Virginia Coastal 
Plain. Except in a few counties, or in exceptional locations, enough good 
water for the needs of an ordinary household can be had by a dug well 
close to the house and less than 50 feet deep, and the labor cost of such a 
well, dug at a time when other farm work is not urgent, is more or less 
nominal. In most parts of the tidewater country the only laborer specially 
employed is the digger, and he may ask but $5.00 for digging 35 feet. 

Wells dug for household supply are 3 to 6 feet in diameter. When 
sunk through firm loam and sandy clays that will stand without support, 
usually no lining is placed, except enough at the bottom to keep the sand 
in the water-bed in place. This lining is of 2-inch plank, 12 to 16 feet 
long. Where water lies near the surface the wells are often lined with 
plank or boards from top to bottom, and have circular, octagonal, or 
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square cross-sections. In some localities the sandy soils will not stand and 
wells must be lined throughout, even though water lies 40 feet below the 
surface. 

The total cost, labor and materials included, for many a 35-foot well, 
wood casing, curb, rope, and bucket, has been under $20.00. Wells cased 
with brick or tile cost more—the prices asked by well diggers for digging a 
well and placing brick, running from 50 cents to $1.00 per foot of depth. 

The usual method of lifting water from the dug wells is by bucket with 
rope or chain, and windlass or pulley. At a few wells sweeps are still used. 
At an increasing number of wells are wooden lift-pumps or iron force- 
pumps, but the bucket is found in at least four-fifths of the country wells. 

The great majority of the pumps are operated by hand-power. In 
some localities windmills are used, and here and there are gasoline engines. 

Open wells of the sort most often seen rank among the most effective 
spreaders of disease. Wayfarers and transient laborers handle the bucket 
with their dirty hands, small animals fall in, and all manner of impuri- 
ties, such as the droppings of fowls that have had access to privies, or filth 
from the feet of laborers who have been working about manure heaps, are 
washed in at every heavy shower. If a bed that is water-bearing in wet 
weather is met part way down the walls of the well heave at that point, the 
casing deteriorates rapidly, and in a few years a break comes, with a rush 
of sand. Repairs are troublesome and may be more expensive than digging 
anew well. In such a case the old well is often filled carelessly, adding to 
the unsanitary surroundings of the new one. 

A well should be considered a permanent investment, and if not lined 
throughout with tile or cement should have a water-tight lining for several 
feet from the top. The top should be covered with a good sloping plat- 
form, and a pump that does not need frequent priming should be put in, 
to avoid the contamination of the well water by any water used for priming. 

Bored wells—This term is here applied to wells dug with an earth 
auger. Such wells are usually from 8 to 12 inches in diameter, and can 
be sunk cheaply where soils are free from large boulders. Most are 
covered, have pumps, and are, if curbed with tile, superior to wood-curbed 
dug wells. They are of course cheaper than dug wells curbed with large 
tile but their reserve capacity is smaller. While not so good for obtaining 
supplies from beds that transmit water slowly, bored wells are much less 
liable to serious pollution than dug wells. 

Driven wells.—Driven wells consist essentially of an iron pipe with a 
pointed cap, are usually 114 or 2 inches in diameter, and are driven to a 
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water bed. ‘They are particularly adapted to localities where soils are 
easily penetrated and water lies in loose, coarse, clean sands. Wells 10 
feet deep or less may be driven by a maul. Wells over 20 feet deep are 
usually driven by a hammer worked by a block and fall. The extreme depth 
to which a pipe can be driven depends on the character of the soil, but may 
exceed 100 feet. If the subsoil clay is tough, an earth auger is used to make 
a hole for the pipe. The water enters the well through holes in the cap 
and near the bottom of the pipe. ‘To keep out sand galvanized iron screens 
are sometimes used, and, if the sand is fine, screens of brass gauze as fine 
as 60 mesh may be needed. 

Driven wells may be equipped with cheap pitcher pumps, costing $2 
to $5, wood pumps, or force pumps, the latter worked by hand or by a wind- 
mill. The obtainable yield varies with the transmission rate of the water 
bed, depth to water, size of pipe, and the pump. 

From a sanitary standpoint, a driven well is much superior to a dug or 
bored well. If the pipe is driven 10 feet or more below the lowest level 
of the water table, has a collar of concrete to hold it firmly and prevent 
surface water from working down along it, and is topped by a good pump, 
that does not need priming, a driven well is safe from surface pollution. 

There are hundreds of driven wells 114 or 2 inches in diameter and 5 
to 50 feet deep in the low terraces of the Virginia Coastal Plain. They 
are very numerous in Norfolk, Princess Anne, Accomac, and Northampton 
counties. With an ordinary pitcher pump the average yield is about 3 
gallons per minute. The total cost of a driven well varies with the depth 
and the equipment. For wells 5 to 50 feet deep the cost ranges from 
$3 to $40. 


Drilled wells —Under this head are included all wells sunk by drilling 
rigs, whether of jet, rotary or percussion types. Diameters range from 1 to 
15 inches; depths from 50 to over 2,000 feet. | 

In the tidewater counties the deeper wells—most of those over 50 feet 
and very nearly all over 100 feet deep—have been sunk by rigs of the jet 
type. In these a stream of water is forced down a hollow drill rod and washes 
up the material loosened by the reciprocating bit. If the beds penetrated 
are loose, casing must be placed as the boring advances. In firm, compact 
sandy clays the hole will stand without casing. If no hard layers or loose 
sands are encountered progress is rapid, and by hand power alone a depth 
of 400 feet can be reached. 

Hand power rigs have light derricks made of wood or of iron pipe, 
and are worked by two or more men pulling on a rope leading over a head 
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pulley, the bit being rotated with a wrench. ‘Two other men are needed to 
work a pump to force water down the rod through openings in the bit 
and up the casing, and wash out the drillings. In firm sands free from hard 
“rocks” a hand power jet rig put down a 114 inch hole 150 feet in half a day, 
but should one or more “rocks” be encountered, even though these be but a 
foot or so thick, a driller may be a week or two in completing a well. | 


Drillers have sometimes substituted horse for man power, but practi- 
cally all wells over 300 feet are now sunk by rigs with gasoline or steam 
engines. With these rigs, wells 2 or 3 inches in diameter have been sunk 
over 1,000 feet through the Coastal Plain beds. Various types of gear are 
used for giving a reciprocating motion to the drill rod. A rig capable of 
sinking a 38-inch hole 1,000 feet requires the services of a driller and a 
helper. The rate of progress, hence the total cost of drilling, depends 
largely on the skill and resourcefulness of the driller. Hard beds give 
trouble, but rapid progress is made through firm sands. 


For wells of large diameter, such as are needed for city supply or for 
the equipment of manufacturing plants, three types of drilling outfits have 
been used in the Virginia Coastal] Plain; the jet, the rotary hydraulic, and 
the standard cable, all of which require for heavy work a driller, a helper, 
and one or two laborers. 


The rotary hydraulic rig has a revolving bit down which water is forced. 
It is particularly suited for rapid advance through soft or unconsolidated 
deposits. The chief objection to its use in a district where the water- 
bearing beds are thin and have not been definitely located, is that a sludge of 
mud and water is used to plaster the sides of the hole to prevent sand beds 
from running. By keeping pressure on a pump and forcing down mud 
a driller need not place casing and can therefore make rapid progress; 
this tempts him to neglect possible water beds, particularly if he is work- 
ing at so much per foot. One well in Tidewater Virginia, said to have 
been sunk by this process 1,000 feet without casing, was not a success, 
though flows were found at lesser depths by other wells in its vicinity. 


The standard cable rig, the best type, all things considered, for going 
through rock, is not particularly adapted for work in the Coastal Plain 
sands and clays. In most localities the casing has to follow the bit closely, 
and even a careful driller may have great difficulty in getting through 
loose sands which sometimes rise in the casing 100 feet over night. Sudden 
inrushes of sand may bury the drill, causing vexatious delays. Again the 
frictional resistance of the sands may prevent the casing, after several 
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hundred feet are placed, from going down by its own weight; then it has 
to be driven and heavy driving may break it at some joint, causing its 
collapse and the loss of the well. All things considered the jet rig is 
perhaps the best of the types in use, though in places what is known as 
the California stove-pipe rig could be used to better advantage. 

The actual cost of drilling a given well and the price asked by the 
driller may differ greatly. The driller assumes the risk of accidents and 
unforeseen delays, can not work all the year, and has to bear the expense 
of moving and setting up his rig. The drilling cost varies with depth, 
the rate of advance, the casing needed, ete. Where drilling is good the 
actual labor and power cost of a 14-inch well 150 feet deep may be $10; 
if hard “rocks” are struck the cost may be $75. The cost of larger wells 
varies as widely. Under favorable conditions a six-inch hole can be sunk 
1,000 feet for $1 per foot, excluding casing, but more than one driller has 
lost money contracting to sink 500 feet for $2 per foot. 

The usual price for a cased six or eight inch well from 200 to 500 feet 
deep has been $3 per foot. 

Most of the small diameter wells are sunk on a “flow or no pay” 
contract. Where a driller knows that at a certain depth water can be 
struck having sufficient head to rise above the well mouth he will contract 
at a low figure, whereas in territory that is new to him, or where the surface 
elevation makes a flow doubtful, he will ask much more. Large diameter 
wells are usually sunk at so much per foot, the price increasing below 
certain depths, or under a contract to get a flow and complete the well for 
a certain price. Whether the owner is liable to lose more at the hands 
of an unscrupulous driller by contracting for a flow at an unnecessarily 
high price than by having the driller working at so much per foot, pass 
by water beds to run up the total cost, is a question. The fairest contract, 
where conditions are unknown, is one which protects the driller from loss 
and stimulates him to do his best. Such a contract should be at a certain 
price per foot, with a bonus for obtaining the desired flow within a given 
time, or above a given depth. 

Speaking generally, the cost of a well may run from 10 cents to $5.00 
a foot, depending on the diameter of the well, the length of casing needed, 
and the material penetrated. The writer knows of a fine 114-inch well 
150 feet deep, that cost, casing and all, but $18, and of a 6-inch well 
1,000 feet deep that cost $4,000. 

The most expensive well ever drilled in Tidewater Virginia is the one 
sunk at Fortress Monroe in 1902. This had 15-inch casing to 720 feet, 
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12-inch casing to 1,200 feet, and 9-inch casing to 2,128 feet. From 2,128 
to 2,250 feet no casing was placed. The contract price was $34,820. 


MAGNETIC WELLS. 


The only magnetized well in the tidewater region to come to the 
writer’s notice is that of J. M. Shackelford at Severn, in Gloucester County. 
At first the casing is said to have had magnetism enough to hold up a 
10-penny nail, but in November, 1906, two years after the well was 
drilled, the magnetism was just sufficient to draw from the perpendicular 
a small iron key suspended from a ring. 

The reason for the magnetic action of the casing is simple. The 
earth is itself a great magnet; the drill falling at right angles to what are 
known as the lines of force becomes magnetic, the jar of the bit helping 
the particles of steel in it to become polarized. By the scraping of the bit on 
the casing the latter is magnetized in much the same way as a knife 
blade is by rubbing it on a pocket magnet. The duration of the magnetic 
effect depends on the physical structure of the metal in the casing and on 
the original intensity of magnetization. 

Claims that magnetic waters flow from such magnetized wells have 
been made, but have not been verified. ‘The casing of the well at Severn 
is said to have shown a stronger effect when the water was running than 
when the flow was shut off. That such was actually the case seems doubt- 
ful. 

YIELD OF. WELLS 


When the water in an open well is lowered by bailing or pumping the 
upper surface of the ground water is locally depressed, and under continued 
pumping falls until the increased rate at which the water enters the well 
from the surrounding sands by reason of the pressure toward it, equals 
the rate of bailing or pumping. The rate at which water flows to the well 
depends on the difference in pressure between the water at the instant it 
enters the well and the water in the surrounding sands, as measured by the 
local depression of the water table, and the ease with which the sands 
transmit water. As has been stated, every soil has a certain porosity 
determined by the size of the voids between the soil particles, and every 
soil has, at a given temperature and a given difference of pressure, a certain 
rate at which it will transmit water, called its transmission constant. 
The conditions governing flow to wells have been studied by Schlichter, 
among others, who says: 
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“The amount of water yielded by a common well or by a non-flowing 
tubular well is dependent first of all upon the degree of fineness of the 
material in the various strata from which the water is obtained. ‘The 
size of the soil grains not only determines the rate at which water can be 
transmitted to the wells under a given head but it also determines the 
proportion of contained water the soil will freely part with. The fine- 
grained soils retain a considerable proportion of the water of saturation 
as capillary water even after free means of drainage are established, so 
that fine-grained materials will not only deliver water slowly but will 
furnish only a small total amount. Some quicksand is so fine that the 
waters can be pulled away from the fine grains only with the greatest 
difficulty.’’@ 

The same general principles apply to artesian and flowing wells as 
to shallow open wells. The yield of water depends on the difference in 
pressure between the water in the well and the water in the sand, on the 
temperature (which for deep wells is unvarying), on the porosity, or rather 
the transmission constant of the sand, and on the thickness of the sand. 
These factors account for all the differences observed in the yield of flow- 
ing wells, except such as are due to faults in drilling or maintenance. 
Fine sands, imperfectly assorted sands, and clayey sands transmit water 
less freely than coarse, clean, evenly assorted sands, and coarse gravels 
transmit water still better. The boldest flows in the tidewater country 
come from beds of coarse, rounded sand or from beds of smooth gravel. 


LOSSES OF HEAD OR YIELD IN FLOWING WELLS 


Causes.—The commonest complaints of a well owner are that the water 
in his well will not rise as high as when the well was just completed, or 
that the yield is less, and that if he wants as much water as he had at 
first he must have a new well sunk. The causes of lower head and lessened 
yield are various, and the responsibility may rest on one or on many 
persons. The causes may be summarized thus: 


(1) Faults in sinking; such as (a) improper casing, (b) lack of 
screens. 
(2) Faults in maintenance; such as (a) neglect, (b) abuse. 


(3) Interference. 


aSchlichter, C. S., Field measurements of the flow of underground water, U. S. 
Geol. Survey, Bull. No. 140, p. 87. . 
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FAULTS IN SINKING. 


The desire of a driller to economize on casing has resulted in reducing 
the flow of many a well. Where the clayey Chesapeake or Pamunkey sands 
above the water bed would stand without casing it was customary for a 
driller to place casing through the overlying Columbia or Recent material 
and bottom it in the sandy clay, possibly using in all only a length, 
about 20 feet. Such work permitted (1) the sub-surface escape of 
water, by leakage, about the bottom of the casing, or the escape of water 
below the casing from a deep sand into a higher one; (2) the clogging of 
the well by material washed from the sides but too heavy to be carried up 
and discharged by the flow. 

Some drillers instead of placing casing to the water-bed carry it down 
to an impervious layer, but leave a small pipe, usually the 84-inch drill 
rod, in the well. This diminishes the danger of the well clogging but does 
not prevent possible leakage outside the pipe, which only half fills the hole 
of water from the deep sand into a sand nearer surface. 

Screens have been little used in small flowing wells on the western 
shore of the bay. Their use might diminish the possible yield, but would 
maintain the flow, of many wells sunk into loose sands and showing low 
initial heads. On the Kastern Shore screens are used at many wells because 
the loose sands and soft clays soon clog unscreened wells, or because at 
pumped wells the sands damage pump valves and cylinders. 


FAULTS IN MAINTENANCE. 


Neglect—Most flowing wells, lke non-flowing driven or dug wells, 
receive too little care from owners. Many flowing wells, particularly those of 
low head tapping loose sands, need to be cleaned occasionally. The sand can 
be washed out with a good force pump and enough pipe to reach the 
bottom of the well. A well with a screen is sometimes clogged by sand 
grains packing against the screen. In such a case the flow may be restored 
by forcing water down the casing, thus loosening the packed sand. 


Abuse.—Under the head of abuse come dropping in pebbles or other 
objects too heavy for the water to lift, attempts at cleaning with a sash 
weight and string (a plugged well may be the result) and momentarily 
stopping the flow by the hand or otherwise. A momentary stoppage of 
flow may have no effect on some wells, particularly properly cased wells 
with high head, but at others it may permit loose sand in the casing or the 
bore hole to pack, thus greatly reducing if not cutting off the flow. Any 


INTERFERENCE. a 


sudden interruption of flow in a well not cased to the bottom may loosen 
material above the water sand and clog the well. 


Generally speaking, it is not advisable to shut off a flowing well, but 
where unrestricted flow may affect the head of nearby wells the flow may 
be reduced to a small fraction of the normal volume. The reason for not 
shutting off the flow entirely is that more than one well has had its flow 
reduced or cut off by children or older persons closing the pipe with their 
hands. 

INTERFERENCE. 


The total supply of water in the artesian sands of the Virginia Coastal 
Plain is practically inexhaustible, but it is easily possible to draw so much 
water from a particular part of a bed, especially if the bed be thin, that 
the head of the water in that part of the bed is decidedly reduced. Such 
reduction of flow has happened at various places along the Rappahannock 
River; also, and especially, at Colonial Beach and West Point. 

At Colonial Beach the first artesian wells found water, at a depth of 
about 200 feet, that rose fully 20 feet above tide level, or above the surface 
at the highest points in town. Possibly 200 wells have been drilled in an 
area 1144 miles long and half a mile wide. No restrictions have been put 
on flow and a few of the wells are pumped heavily. As a result the head of 
the water in the 200-foot sand has been so reduced that most wells in the 
center of the town do not flow at the surface, and many at lower eleva- 
tions flow only at high tide. Many wells back from the water front have 
been cut off below the surface and now flow into basins 5 feet or so deep. 
The lowest wells, those along the shore, drain those on higher ground. 
The sinking of one well on the water front has stopped the flow of a 
neighboring well on ground a few feet higher. Many of the wells were 
poorly cased and there is probably much leakage underground. That this 
loss of head is purely local is shown by the high heads of wells tapping 
essentially the same horizon at points a mile or two from town. 


At West Point where over 300 wells have been driven the loss of head 
has been even greater than at Colonial Beach, but conditions are more com- 
plicated. The city is on a point of land at the junction of the Mattaponi 
and Pamunkey rivers. ‘There is a water-bearing sand at 120 feet and 
another at about 165 feet. Along the water front many wells have been 
drilled and allowed to flow without restraint. As a result wells on higher 
ground that formerly flowed now have to be pumped. The 120-foot sand 
that once furnished flows is now penetrated by many poorly cased wells 
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sunk to the 165-foot sand, and the water flows down these holes to the 
165-foot sand and escapes from the river-front wells tapping the latter 
sand. ‘The maximum local loss of head in the 165-foot wells has been 
about 15 feet ; in the 120-foot sand even more. According to E. W. Wilkin- 
son, a well sunk in 1884, and one of the first if not the first in the town, 
flowed at an elevation of 14 feet above surface, or 20 feet above tide. 
After about a year and a half, when a number of wells had been drilled, 
the flow decreased and now the well is pumped. Isolated wells above the 
city or across the rivers show undiminished heads. 

The manner in which poorly cased wells and wells near river level have 
reduced the head of the water in the 120-foot and 165-foot sands at West 
Point is indicated in Fig. 7. 
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Fig. 7—Diagram illustrating artesian well relations at West Point. a, properly 
eased well which obtains a flow from the third sand; b, improperly cased well 
on high ground, no flow; ¢, well at river edge; flows continually, draining 
third sand, also second sand through well 0b. . 
From an examination of several hundred flowing wells in the Coastal 

Plain of Virginia the writer ranks the causes of decline in yield as follows: 

(1) interference; (2) neglect; (38) improper casing; (4) abuse. 


UTILIZATION OF SUPPLY. 


The great majority of the flowing wells in Tidewater Virginia are of 
small diameter, 2 inches or less, and yield about 2 gallons a minute at the 
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well mouth. This yield with proper economy is liberal for an average 
household. In great manufacturing cities where the installation of 
meters on all service mains has reduced the consumption of water to 
actual requirements the daily consumption is as low as 50 gallons per 
capita. ‘The average person drinks about 3 pints of liquids per 
day and 25 gallons per capita has been estimated as sufficient for all 
domestic needs. Hence a flow of 2 gallons per minute, or 2,880 gallons 
per day, if storage capacity is provided, will not only more than suffice for 
a household of average size, but the overflow piped to the barn will water 
many head of stock, allowing 8 gallons per head. 

Yet at most places in Tidewater Virginia there is little effort toward 
economy. On the other hand, there are a few places, notably Tappahan- 
nock, where the superiority of the deep waters to those obtainable from 
dug wells is so much appreciated that wood or concrete tanks are built at 
some well mouths from which the water is piped to pumps or taps at two 
or three houses. 

Rams at flowing wells—Where a house and farm buildings stand on a 
terrace 25 feet or more above river ‘or bay level and flows on the terrace 
are impossible, an abundant supply may be had for dwelling and barn by 
harnessing a hydraulic ram to a flowing well of good head below the terrace 
and piping the water to a tank. A flow of 5 gallons per minute at 10 feet 
above tide level can be had along many inlets on the lower courses of the 
rivers on the west side of Chesapeake bay. If properly placed and con- 
nected, to utilize 7 feet of this head, a ram costing possibly $15 will afford 
1 gallon per minute at 40 feet above the ram. There is little difficulty 
in thus making a flowing well pump its own water. The most essential 
feature of the equipment is a basin, small tank, or stand-pipe between the 
well and the ram; the ram should never be connected directly to the well. 
There are in Tidewater Virginia a number of wells with rams that give 
satisfactory service. Some failures reported were due to not determining 
in advance the available head and flow and the amount that could be 
delivered at the desired point; other failures were due to improperly placed 
or connected equipment. 


SANITARY PROTECTION OF WELLS 


In drilled wells there is ordinarily slight danger of pollution except 
from the top, because the tight iron casing protects against sub-surface 
contamination. Yet one can see wells that cost $200 sunk to sands that 
yield beautiful water, into which all kinds of backyard refuse are washed 
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at every rain, simply because the top of the casing or the pump chamber 
is not properly protected, a defect remedied at trifling expense. Flowing 
wells, such as those in the Virginia Coastal Plain, are practically unpollu- 
table, and it is to this fact that the improved health of particular communi- 
ties after the development of artesian supplies has largely been due. 

The greater the number of people that may use a well the more urgent 
the need of the well water being free from disease germs. Also it is 
evident that if many people use an open well there is more chance of some 
person who carries disease germs handling the bucket and thus contamina- 
ting the well water. Consequently, wells at churches, camp-meeting 
grounds, courthouses, and schoolhouses need to be dug and protected with 
more than ordinary care. Many cases of typhoid fever have been traced 
to such public or semi-public wells, and yet the precautions taken against 
the pollution of well water at many gathering places in the tidewater 
country are practically of no account. Usually the most that is done before 
a camp meeting is to clean the dug well. ‘This is a wise precaution but 
does not lessen the chance of the water being polluted during the meeting. 
Absolute safety means making pollution impossible. This implies location 
with regard to natural conditions of drainage—most church and court- 
house wells in the tidewater country satisfy this requirement—and then, 
if water can not be had by a driven well and a deep drilled well would be 
too costly, providing a water-tight casing extending several inches above and 
at least 5 feet below ground level, a water-tight cover and a good pump. 
The open well and the oaken bucket may appeal to sentiment but the 
tightly cased well and the force pump are far more sanitary. 

Even though a drilled or driven well is properly sunk and has a good 
pump, occasional inspection is necessary to make sure of an unpolluted 
supply. A virulent outbreak of typhoid at one locality in the tidewater 
country was traced to the schoolhouse well. This well had been sunk to 
an artesian sand, the water from which rose to within a few feet of surface. 
As the artesian water was known to be excellent the well was not suspected 
until the coming of the fever, which attacked 40 per cent of those who drank 
the well water. Investigation showed that the casing had rusted through 
at ground water level, a few feet below surface, and in consequence the well 
for an unknown length of time had not drawn on the artesian supplies but 


on a polluted source. 
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PUBLIC HEALTH AS RELATED TO UNDERGROUND WATER SUPPLY. 


Without accurately kept mortality tables covering a term of years, it 
is practically impossible to prove or disprove statements regarding changes 
in the death rate or in the prevalence of particular diseases at specified 
communities. Hence, statements regarding the effects of changes in the 
conditions of living in the smaller settlements and the rural districts of the 
Virginia Coastal Plain are of value only in so far as they are put forth by 
persons who are familiar with the conditions and are competent to judge. 
For this reason the testimony of local physicians is of decided value. In 
their opinion changes in sources of water supply in towns, villages, and 
on farms have been followed by definite changes in the prevalence of 
specific diseases, more especially typhoid fever and malaria. Following 
the lessening use of springs as sources of supply and the increasing use of 
unprotected dug wells, there was a marked increase in typhoid. The sub- 
stitution of driven and drilled wells for open wells at particular villages 
has notably diminished the prevalence of this disease and lowered the 
death rate. In addition physicians living in widely separated communities 
claim that the development of artesian supplies in the lowlands along 
the rivers has practically freed many tracts from the malarial fevers for 
which they were once notorious. 


MUNICIPAL WATER SUPPLIES 
SOURCE OF SUPPLY 


Some of the towns and cities in the area covered by this report have 
waterworks that distribute surface water, a few have plants that draw on 
underground supplies. The surface water is variously obtained from rivers 
or ponds, the underground water from shallow or deep sources. 


SURFACE WATER 


Rivers and creeks are the more important sources of surface water. 
They are subject to great variations in volume of flow and quality of supply; 
at times of flood they contain much finely divided mineral matter in suspen- 
sion or semi-solution, and are extremely turbid. Many of the surface waters 
are polluted; the large rivers by the sewage of cities, the creeks by drainage 
from privies, barnyards or cultivated fields. The ponds drawn on are as a 
rule less liable to pollution, but vegetable growths frequently make the water 
high-colored or give it an offensive smell and taste. In consequence, most of 
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the public supply systems include equipment for rendering the water more 
acceptable, ranging from simple settling basins to elaborate filtration 
plants. 

UNDERGROUND WATER 


Though the porous sands of the various Coastal Plain formations form 
great underground reservoirs, they are much less important as sources of 
municipal water supply than rivers and creeks. This is because there are few 
cities or towns of large size along the middle portion of the Virginia 
Coastal Plain where the underground waters, and more especially the 
artesian waters, are most readily available. The cities are chiefly on the 
western edge of the Coastal Plain, where flowing wells can not be had and 
the ground water supplies are not sufficient for the needs of large cities; or 
towards the seaward edge where the deep artesian water is not well suited 
for municipal use, and satisfactory shallow water is restricted to certain 
areas. 


SUITABILITY OF SURFACE AND UNDERGROUND WATERS FOR MUNICIPAL NEEDS. 


The belief that underground water is better, that is more healthful, 
than surface water is widely held, but rests on the sparkle, clearness, cool- 
ness and taste of well and spring waters rather than on careful investiga- 
tions of their merits. 

Surface waters are often badly polluted but settling and filtration 
render them innocuous; the water furnished by the supply systems of the 
larger cities in eastern Virginia is, from a sanitary standpoint, altogether 
superior to that obtained from many dug wells in villages. The deep 
artesian waters are unpolluted, but under a considerable part of the Vir- 
ginia Coastal Plain they contain enough mineral salts to make them less 
suitable for boiler supply and other industrial purposes than filtered surface 
water. The latter, as a rule, contains little lime and the addition of the 
chemicals for precipitating finely divided matter does not increase the 
mineral content enough to affect the industrial value of the water as distri- 
buted. In general it may be said that nearly all of the public supply systems 
distribute good water, that is, water which satisfies sanitary and industrial 
requirements. In fact, most of the cities of Tidewater Virginia have 
reason to be proud of the excellence of their public water supplies. 


NOTES ON CITY AND TOWN SUPPLIES 


The city of Richmond owns its water supply system. James River 
receives the sewage of several cities and towns and is often very turbid. 
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The water is collected in a settling reservoir above the city limits and after 
purification is pumped to the mains and to smaller distributing reservoirs 
on high points in the city. Careful determinations of the variations in 
turbidity, and chemical and bacterial quality of the water were made 
during a number of years, and on the basis of the results the city installed 
a sedimentation and coagulation plant. The water after treatment is 
remarkably clear. The municipal waterworks in Manchester distribute 
James River water, collected above the city at a point opposite the intake 
of the Richmond city waterworks and purified by sedimentation and 
mechanical filtration. 

Barton Heights, a suburb of Richmond, was supplied in 1910 with 
water obtained from a spring and from a well 759 feet deep. 

Norfolk gets water from three distributing systems. ‘The city water- 
works, which supply most of the city, draw on small lakes in low ground 
northeast of the city; the sanitary surroundings of these in 1906 were good. 
Complaints of color and odor, caused by vegetable growths, led to the 
installation of a coagulation and filtration plant, and the water supplied 
is now satisfactory. ‘To meet the prospective needs of the city other sources 
of supply have been sought. Part of Norfolk and several suburban towns, 
Lambert’s Point, Ocean View, Huntersville and Lindenwood, are supphed by 
the Norfolk County waterworks, which get most of their supply from a 
system of driven and dug wells on a tract of land near the lakes that supply 
the city works. This ground water is of good quality and is distributed by a 
direct pressure system without filtering. To supply an increasing demand 
the company has investigated the development of surface waters similar to 
those distributed by the Norfolk City waterworks. The eighth ward of 
Norfolk, formerly the city of Berkeley, is supplied by the Norfolk, Berkeley . 
& Suffolk Water Co. Most of the water comes from a system of shallow 
driven wells on a tract of land not far from Berkeley, but part comes from 
Smith’s Creek (Lake Kilby) near Suffolk. The well water is of satisfactory 
quality but the quantity obtainable on the tract near Berkeley is insufficient — 
for the prospective needs of the community. 

The cities of Suffolk and Portsmouth are supphed by the Portsmouth, 
Berkeley & Suffolk Water Co., with Lake Kilby water. The water of 
Lake Kilby is high-colored and at times has an objectionable smell. The 
water distributed passes through a coagulation and sand-filtration plant 
which reduces the color and removes the odor. 

The city of Newport News, the city of Phcebus, the town of Hampton, 
the Hampton Agricultural and Collegiate Institute, the National Soldiers’ 
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Home, near Hampton, and the military post of Fort Monroe, are supplied 
with water by the Old Dominion Water & Power Co. This company has 
a large reservoir in Warwick County, controls practically all the watershed 
(about 1,500 acres) of the creeks feeding this reservoir, and endeavors to 
protect the watershed from pollution. Because of complaints of high 
color and disagreeable odor the company installed a coagulation and filtra- 
tion plant (mechanical filters) and the water is now satisfactory. 

The city waterworks of Petersburg distribute surface water obtained 
from Livetenant Run, a creek that empties into Appomattox River on the 
east side of the city. The watershed of the creek is open to pollution from 
dwellings, but the creek water is passed through a settling and coagulation 
basin and is filtered before distribution, consequently its quality is satis- 
factory. 

Fredericksburg owns its distributing system, which obtains water from 
a canal of the Rappahannock Power Co., supplied by a dam on Rappahan- 
nock River three miles west of the city. The river is often very turbid and 
local conditions do not tend to improve the quality of the water passing 
through the canal, but a collecting reservoir at the pumping station permits 
decided improvement by sedimentation. From the collecting reservoir the 
water is pumped to a distributing reservoir on the heights south of the city. 
A considerable number of people in the city obtain water from the mains 
of the Aqueduct Company. This water comes from several springs, none 
of large size, on the high ground south of the city, and is generally of 
satisfactory quality. 

Alexandria has city waterworks that distribute water from Cameron’s 
tun, a creek on the south side of the city. The water is collected three 
miles west of the city and brought by a canal to a pumping station, whence 
it is forced to setthng and distributing reservoirs on Grimes’ Hill. The 
run water is often turbid, the water shed is inhabited, and conditions along 
the canal are not altogether satisfactory. However, the quality of the 
water is decidedly improved by sedimentation in the settling reservoir. 

The city waterworks of West Point draw on artesian wells that tap 
sands 330 feet below surface. The sanitary excellence of this supply is 
not disputed, but its industrial value would be greater were the water less 
mineralized; it contains considerable bicarbonate and sulphate of soda and 
in boilers has a tendency to foam. 

The town of Franklin has a public supply system drawing on Black- 
water River. The water is pumped from the river to a tank on a high 
tower; it is a good boiler water but at times is objectionable for drinking. 
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The Smithfield supply is from a pond on a small creek three miles 
west of the town. It is not filtered, but the small watershed of the creek 
is sparsely settled, and except for vegetable growths the quality is satis- 
factory. 

The town of Emporia distributes Meherrin River water. An attempt to 
get water by a deep well gave unsatisfactory results. 

Practically all the water distributed by the municipally owned system 
of the town of Cape Charles comes from driven wells varying in depth 
from 30 to 90 feet. The supply is not altogether satisfactory, partly because 
the wells are close to tidewater. The water is hard and forms scale in 
boilers. 

The Onancock waterworks draw on driven and drilled wells less than 
75 feet deep, and on a large dug well. The water, while slightly hard, 
works well in boilers, and except for the possibility of polluted water 
entering the dug well, the sanitary surroundings in 1906 were good. 

The military post of Fort Myer, west of Alexandria, is supplied with 
filtered Potomac River water. Fort Hunt on Potomac River, below 
Alexandria, obtains excellent water from an artesian well. 

A summarized statement of information collected regarding the public 
water supply systems of the Coastal Plain towns and cities appears in 
table 2. 
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MINERAL WATERS 


The term, mineral water, as commonly used, implies either water having 
therapeutic value or water differing decidedly from that obtained from the 
springs or shallow wells of a given region. Some waters, classed as mineral, 
are very soft and pure, and owe the esteem in which they are held largely 
to their low mineralization. Others are so highly charged with various 
substances that they are offensive to taste and smell and have a powerful 
physiologic action. 

As has been stated the potable underground waters of the Virginia 
Coastal Plain differ widely, the amount of dissolved mineral matter they 
contain varying from less than 50 to over 9,000 parts per 1,000,000. Many 
are especially light and pleasant table waters; a few are so strongly mineral- 
ized that they should be drunk only under the advice of a physician. 

In general, the shallow waters differ more than the deep waters, yet 
they are distinguished by the predominance of calcium and magnesium 
salts. Some springs of shallow source contain iron and aluminum salts in 
sufficient quantity to have therapeutic value, others are notably free from 
such compounds. Most of the spring waters that have been marketed are 
of such low mineral content that they are to be classed as table rather 
than as medicinal waters. | 

Outside of Southampton and Alexandria counties and a part of Essex 
County the deep waters so far developed are characterized chiefly by the 
pressence of sodium and potassium salts, especially the bicarbonates. Few of 
these waters have been marketed, partly owing to lack of suitable transporta- 
tion facilities. Some of those exploited contain sodium and potassium 
bicarbonates in sufficient proportion to be of therapeutic value. 

The following list includes wells and springs from which water has been 
shipped in a commercial way at times during the past five years: 


Beaufort: LithiatSpring 1 ..cis ecw oe fee eee Chesterfield County 
Bellfont Idthia Spring... 2.0 ¢eee haeeee Chesterfield County 
Buckhead sLithia spring... 3) cee oe eee Chesterfield County 
Campfield) Lithia: Spring; 203%... sa sae Chesterfield County 
Cappahonk.Lithia. Spring... i, sae op es Chesterfield County 
Days Point Artesian Lithia Spring........ Isle of Wight County 
Diamond» Spring (ev ats eta oy eee Princess Anne County 
Erup “Mineral Spring joan «se eva ees Alexandria County 
Fonticello-Dithia.n Spring... ence Chesterfield County 
Holly Lathia, SS pritig ca sie Gem. tener ees Chesterfield County 
Hume ‘Spring ests ieis arte eens sere cee Alexandria County 
Landale. Mineral. Spritgy, ..c0.00.4as:sa55% Norfolk County 

Mico Watera i s\.iy Shei: Sede cate hot Alexandria County 
Mulberry Island Chloride Lithia Water.... Warwick County 
Trepho-Lithia Waller ng wy.) sae caeane. wee ee Surry County 
Pownatun, Spring Wace saat rms exon es Alexandria County 
Virginia “Lithia: Springste. «2a ese cee Chesterfield County 


White \Odk Gpritivie <0: nec ee ngewe oe Norfolk County 
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Other springs and wells than those named have in years past furnished 
water for sale, and a few have been more or less extensively exploited. 

The list of producers shows that mineral springs are apparently confined 
to a few counties, seven of the eighteen springs named being in Chesterfield 
County, four in Alexandria County, and two being in Norfolk County. 
This localization, however, simply means that most of the commercial 
springs are near cities in which there is a demand for agreeable drinking 
water. Thus the Chesterfield County springs had their commercial begin- 
nings in shipments to Richmond, and those in Alexandria County in ship- 
ments to Washington, at a time when the public supplies of both Richmond 
and Washington were often turbid and were regarded with suspicion by 
many people. The chief market for the springs in Norfolk County is the 
nearby city of Norfolk. 

There are few sanatoriums or large hotels utilizing the alkaline artesian 
waters for the treatment of disease, but a large amount of water that might 
be designated as “mineral” under any usage of that term, is obtainable from 
artesian wells along the lower courses of Potomac, Rappahannock, and 
James rivers, and at least one city, West Point, distributes by a public 
supply system an alkaline bicarbonate and sulphate water that is claimed 
to have decided merit in the treatment of certain disorders of the stomach, 
liver and kidneys. 

VALUE OF MINERAL WATERS 


The total value of the mineral water reported sold by the springs and 
wells named in the preceding list amounted to $33,000 in 1910. In 
addition to these sales several of the springs used large amounts in the 
manufacture of sweetened beverages. 
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General statement.—All the flowing wells of Tidewater Virginia tap 
waters that circulate through pervious beds in sedimentary deposits. Along 
the western edge of the Coastal Plain, a considerable number of wells have 
been sunk through the comparatively thin, sedimentary beds and have 
obtained water from the underlying crystalline rocks. 

These rocks are hard, dense and without pervious beds. The water does 
not move through minute interstitial spaces but through relatively free 
passages, joint cracks which intersect the mass of the rock at various angles. 
The joints are of two orders, those roughly parallel to the upper surface of 
the rock or sheet joints, and those which are steeply inclined. Near surface 
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the sheet joints are much nearer together and more open than at a depth 
of several hundred feet. The vertical joints do not disappear as rapidly 
with depth, but as a rule grow narrower below; yet they do not extend 
downward indefinitely. Since the water lies in cracks and crevices that 
intersect irregularly there is nothing regular in its occurrence. Success in 
drilling depends on striking a crevice, and the wider and longer the crevice, 
and the greater the number of crevices it intersects, the larger the yield. 
One well may find water at a certain depth, while another, a few feet distant, 
may go twice the depth and find none; one well may strike a crevice carry- 
ing water fed to it from some distance through a series of connecting 
crevices; another may strike at over 1,000 feet a crevice containing water 
that comes almost directly from the surface and possibly from close to the 
well mouth. The general character of the circulation in the crystalline 
rocks is shown by the accompanying diagram. 





Fig. 8.—Diagram illustrating circulation of water in crystalline rocks, and well 
supply. (a) Deep well striking water that enters near well. (b) Deep well 
finding no water. (c) Deep well striking several crevices. (d) Unconsolidated 
material. 


For the above reasons deep wells in crystalline rocks are considered by 
themselves, and facts relating to them are tabulated separately. Also, as 
the results of deep drilling in the vicinity of Richmond throw light on the 
occurrence of water in similar rocks and the prospects for deep wells in a 
strip of country extending from Maine to Georgia, some data collected in 
the course of field work are here discussed in detail. 


CO 
Cr 
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; WELLS NEAR RICHMOND 


General conditions.—Richmond is situated at the “fall-line;”’ the 
resistant crystalline rock, a gray hornblende granite, outcrops in the bed of 
James River and causes rapids. In the low ground along Shockoe Creek 
and Gillies Creek the granite is overlain by Potomac sands and gravels; 
on the higher ground in the central and north parts of the city by Chesa- 
peake dark sandy clays or marls, and along James River near the rapids by 
Columbia cobble beds and loams. The James is tidal to the foot of the 
rapids but the high Sunderland plain on which much of the city is built 
has an elevation of from 175 to over 200 feet. Hence, elevations of well 
mouths differ greatly and though a few wells were started almost directly 
on granite, others went through over 100 feet of loam, clay, and sand before 
striking hard rock. 

Because of differences in surface elevation there are differences in the 
depth below surface at which water stands. In wells on high ground in the 
center of the city, water level is over 100 feet below surface. As most of 
the wells are pumped intermittently and few give large yields, deep well 
pumps are generally used. In some of the wells the pump barrel is 300 
feet below the well mouth. The waters show wide differences in composition 
and have no general resemblance; two or three wells seem to draw on the 
same system of joint cracks, and one well yielded water unlike any other 
in Tidewater Virginia. Particulars are summarized in the accompanying 
table; only those wells that are of especial interest are discussed at length. 


WELLS NEAR RIVER FRONT 


Richmond Paper Co.—One of the first deep wells at Richmond was that 
of the Richmond Paper Co., drilled near the corner of Byrd and 9th Streets, 
in 1884. Water which rose to within 60 feet of surface, elevation 83 feet, 
was found at 250 feet, but it was sulphur-bearing, pitted boilers, and con- 
tained so much iron that it could not be used in bleaching rags, conse- 
quently the well was abandoned. 

Albemarle Paper Co.—Another early well was that of the Albemarle 
Paper Co., on the river bank near Hollywood cemetery, put down like that 
of the Richmond Co., to get water more suitable for making paper than 
that obtained from the often-turbid James. It was started 10 feet above 
the river and found a small crevice at 225 feet from which water rose to 
about river level. The yield is so small, about 25 gallons per minute, that 
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little use is made of the well except for drinking and washing filters. For 
boilers and for paper-making the company filters some 500 gallons per 
minute of river water. 


Other wells.—In addition to the wells of the Albemarle and the Richmond 
paper companies, there are a number of others near the river, including 
those of Kingan & Co., the Merchants Cold Storage and Ice Co., and 
the Transparent Ice Co. Depths vary from 248 to 703 feet and yields from 
15 to 210 gallons per minute, the deepest well giving the smallest supply. 
At the Kingan well, according to report, the drill dropped over 1 foot 
when the water-bearing crevice was reached. At these wells there is a 
relatively thin cover of earth, at some wells mostly made ground, above bed 
rock, and as suggested by Darton” they may yield surface water in part, 
though in most wells the character of the supplies indicates a deeper circu- 
lation. The waters contain enough lime and magnesia salts to make them 
bad for boiler use and they are utilized for condensing only. That from 
Kingan & Co.’s well has a sulphur odor, a flat taste, and is purgative; it is 
said to be so corrosive that ordinary casing lasts only 3 months and heavy 
galvanized casing but 3 years. 

The analyst gave the following partial analysis with the results expressed 
as hypothetical combinations. The determinations have been recomputed 
to parts per 1,000,000. 


Partial analysis of water from 428-foot well of Kingan & Co. 


(Froehling & Robertson, analysts.) 





Parts per 1,000,000 


Total solids «54 Vises re es ee ee ee eee ee 779. 
Silica VtSiOy oo, ee sia ae tate a A cites oc Ge A ee eee 31.5 
Alumina “and .jron’ oxides “(Al0s4- B0.y ee). eee eee 18. 
Calcium :carbonate-4 CaCO. ists ance dec eee ae ite eee eae 175. 
Calcium chloride and sulphate (CaCl,-+CaSQ,).............. 181. 
Magnesium chloride: ‘(MgCl yyy eae eter cee ie ee. re LUT 
Alkaline chlorides and ‘*sulphates.ot cay. aes ao fi oles tie ZOE. 


WELLS NEAR THE CENTER OF THE CITY 


Hotel Jefferson.—An interesting series of wells is that drilled on high 
ground, near the center of the city and northward, for the three hotels and 
the apartment house named below. All are 8 inches in diameter and range 
in depth from 365 to 702 feet. As the table shows, the depths to water and 


aDarton, N. H., Artesian well prospects in the Atlantic Coastal Plain, U. 8. 
Geol. Survey, Bull. No. 138, p. 175. 
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the height of the water level differ considerably, after due allowance is 
made for difference of elevation. The record of the Hotel Jefferson well 
is as follows: 

Record of 445-foot well at Hotel Jefferson. 








pee ag Material _ Thickness Depth 
ormation 
CoLUMBIA | 
UNC er aes ies ss SPIOTIL Oe bea eI ce ly cin’ en “ah he's | 41 | 4] 
FTAVEL ET pe ote hen ts enews | 2 43 
CHESAPEAKE Nellows clays sees 6) ote | 2 45 
(ECS a aes meee Co eae BIQCR Calaveras. eee wees eds 3 | 30 75 
PANGS Rat mee ees eh ao ee ees 15 90 
Sand, marine shells and a 
littionwatermnn sed eee, | 12 102 
Bitte cla yaseern Gouden: ols | 16 118 
PRE-GAMBREAN c)teu ule sthes « BOLE T OLA NIGGM tate tia marcy sk) 5 123 
Hard and soft granite, 
water at 410 to 438 ft...... 322° | 445 


The well is said to be cased to 400 feet. The water rises to within 60 feet 
of surface, elevation 180 feet, but to obtain a yield of 60 gallons per minute 
the pump barrel had to be placed near the bottom of the well. The water 
is used at the table and for other purposes about the hotel but not for 
boiler supply. The following analysis, recalculated to express results in 
ionic form, was furnished by the manager. 


Analysis of water from 445-foot well at Hotel Jefferson. 


(Henry Froehling, analyst.) 





Parts per 1,000,000 


TSS FG Ds a Dips Pall Be pad N ne BP ga ee ek iia een ee a Wis 5 
ESS OSPR LES eel a Uae Oks nee es a ae ee hr 38. 
Proneavoes mmm. oxides: (heya AlsOs | rca go oa ela eit. « 0.5 
Pere NAL EG RNS ee gel acca acre i, Oh Da alla ial'n cain GIS ge eeh 00k ual GySune diets 30. 
reer) meee API eo eC LET note eel one OAb ls ce dhe’ 8.6 
Ban Pee tee Gee OL Fe el aes oe ral eed hating hata sane ‘a, stare hah elie keep 6.2 
UEgSy Cy STU Ve ii A en Ba RU oy cel en te ea ie 
Fe OORT IGT Ee a | ne oe ee act RUE OWS cles eke eee BL. 
ES Peter OC Rete te. CEL, OR en ed a nina aiens wremed als. Dave wc ey not reported 
eer ME ae MES eee ah ory sats ct ae ey a 4) 9's Bowl ieee teeny os ake 
CO uI Tr! Eee and. id yao a etnias UL MOR sh s Sh oe 4.5 





Chesterfield Apartments.—At the Chesterfield Apartments well, eleva- 
tion 195 feet, the water, which was found at 230 feet down, stands 150 
feet below surface but the yield is so free that the level is lowered only 
slightly by steady pumping. The apartments in 1906 used no city water at 
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all. The following analysis, recomputed from one obtained from the _ 
manager, indicates that the well water contains bicarbonates of lime and 
magnesia as principal substances in solution, and considerable silica. 


Analysis of water from 365-foot well at Chesterfield Apartments. 
. (Henry Froehling, analyst.) 








Parts per 1,000,000 
Total: solids»... sw ngewe :-Rhle pak Cem eee ee a eee ae 287. 


Oreanic Matters sls Au co re Re ee senda a.) 
Silica a SiO.) eu. 22 23 Fare gee on a ee, Pa 47. 
Aluminum, 3¢Al): 7 is ene een nee ee mn ee, ee 0.5 
Tron i ( Fe) \c:3'5 sete Sg vor ea dae ae ae ee eS are 0.5 
Manganese:« (Mnj*? 0. sveu chs 2 ated Aeaeset nee ena cee eee 0.17 
Galeium .( Ga). Ac6 oo. v6 LeS o 8 De ae ee ee SAD 
Magnesium (Mig) 7 cc5 5 stuns SA aes aie se eee Bc 12. 
Sodium (Nia) 5c Sie ee ee een Sere ae, 18. 
Potassium. \(- KC) 6 shee Sis ee oe hee ee es 3.7 
Lithium (Li) © sore Se ee eee eee 0.01 
Strontium (Sr) ees wut ee Nes, See eee ee 0.24 
Todine:\.(.0) 6s: ds dedpewseat fe ee oe ee ee ree 0.009 
Bromine - (Bry «sagaeses ww cans eee ee ee eee trace 
Arsenic {As}! Yi eI foe ed Oe er eee ee ee ee trace 
Bicarbonate-radicl6.: (ECO. wine. Gell: fee a ee eee 138. 
Sulphate. radicle af SO ys sieic iw nats = bares 6 9a oe 26% 
Phosphate radiele* (PO). Sas ease oe os 0.8 
Chiorine.< (C1) atch is ndis be die fw hers cg ee ee 6.1 


Murphy's [lotel—At Murphy’s Hotel are two wells; one is said to be 
450, the other 702 feet deep. ‘The second well had not been put in service 
when the data for this report were collected. The first well, elevation 175 
feet, struck rock at a reported depth of 125 feet. The water level is given as 
100 feet below surface and the yield as 40 gallons per minute. ‘The well 
is said to be cased for 350 feet, and the pump plunger is at 390 feet. The 
water is used for drinking and cooking, and has been bottled for table and 
medicinal use as Granite Lithia Water; though used in a boiler it is not 
satisfactory for that purpose, foaming somewhat. A series of analyses made 
by Otto Meyer® in 1904 showed the presence of radium and traces of several 
rare earths and of tin, copper, and nickel. ‘The principal substances in 
solution, however, seem to be bicarbonates of calcium and magnesium. In 
general the water is much like that from the Chesterfield Apartments well. 
The following analysis, recomputed from that furnished by the analyst, is 
given for comparison. 





aMeyer, Otto, Radium in water from a deep well, Sci. Amer., 1904. 
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Analysis of Granite Lithia Water; well at Murphy's Hotel. 
(Henry Froehling, analyst.) 








Determination Parts per 1,000,000 
Oe IER MCTEY AR OLt st Ae) eset es. PORN lah, od a 196. 
OP Be rae ea eerie a ome Arc ges ota sg! vets, wm, ejaue iw wat» (300M 0.82 
Se eS SAD Cee cree A LE eta Sota eine 6 succes sss a ce 34.4 
CAUSE CORA BOS ee 0 a Os book Cy Se eet Ae 0.3 
eC rs ER tee yr et et he A dae Big tld weistor's dca fale Wa ys 0.3) 
Re eee eRe NN Pe tee Pare Sse Grew aiaxr yaib id xo > oldies, Rak ea eee 0.063 
ee INA) POA OG SS ety ds oath tes SR iets ee oS LIRAs & oF 
NOE SE A PSs GM AVIARY ee eRe OO eee ee 9.5 
PCW POM Mie GL pe one Paid! Micah eA eothe howe be kes Alb s 2) 
eee tee IC rie ye ee Peso). 2h OES ETI eee RTT LS ARs 5.9 
GME NILE NDE rae ee aa ie SA he, it Or Nn gh oe aod BS! 0.01 
Re UE oA DS) ea pela AND an Abe el gl IE neh, rh Ain Aa eee Sa 0.10 
Chg ath Tle aM Soe aie b on ee Goh wy Aer Pes SMR ar gF ry OMA eee Be Ey en 0.04 
Se RO Se 8 Sige ge ear pe ae ne 0.002 
PEOOORES TamiCle) (GOs iso Meitc oy, os tee a eee dca de hee tthe aes 70. 
oa Rta ICL iar h\. 2 6 rai sera ce PES A PefaAs 1d hide Ghd 0.19 
et OES os BTC DOAK Bigg 18 99 le hac he A a a a ae 2A 
INIT PARC THOIOHS CRTC) cya ten tet Cate tS oat). Gactty. cia ate ate Catk poe ate 0.15 
PR IVPRSE SOME Coa RM ar edn te eS otro cob non Sea LR hG ptwseiee « 6.6 


Richmond [otel—The well at the Richmond Hotel, elevation 157 feet, 


Analysis of water from 572-foot well at Richmond Hotel. 


(Froehling and Robertson, analysts. ) 


struck a crevice yielding a large supply, said to be 300 gallons per minute : 
the depth to water could not be ascertained from the engineer in charge of 
the plant, but the pump plunger is 250 feet below surface. 
which is used for all purposes, is more mineralized than that from the 
Chesterfield Apartments and Hotel Jefferson wells, containing more soda 
and potash as well as sulphates and bicarbonates. 


The water, 


Parts per 1,000,000 


Ai a OO eae pees Ia Ae ptr ee es ee. oe Po ee 702. 


OST Tors. (PCS) ee a SCRA oe oe i ea ee 28. 
POM MREET CLT) A Noemie pia at fh occa es eels wide we bse ass Yalu 
emer rh, er reer ee tsi tis he eee ess eS ela did «0d 3 eae & 0.18 
SATE. (URED. hove diigotcucli ahah scichh Nec co ae gy nae or er 68. 
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WELLS IN THE NORTHWESTERN PART OF RICHMOND AND IN OUTLYING 
DISTRICTS TO THE NORTHWEST 


A notable example of the uncertainty that attends the search for water 
in crystalline rocks is presented by three wells 550 to 650 feet deep at the 
Home Brewing Co. brewery, elevation 182 feet. These wells lie in a north- 
east line; the first well (8 inches), sunk in 1894, yields about 60 gallons 
per minute, and the barrel of the deep-well pump is over 400 feet below 
surface though normal water level is about 125 feet below; the second of 
smaller diameter (6 inches), 50 feet northeast of the first, sunk in 1899, 
gave but 5 gallons a minute when completed and has been dynamited several 
times at different depths without any increase in yield; the third (8 inches), 
75 feet southwest of the first, is dry. The supply from the first two wells is 
used for condensing, brewing, and washing, but not in boilers as it scales 
badly. The company furnished an analysis of the water from the first well; 
this has been recomputed to express results in ionic form. 


Partial analysis of water from 550-foot well of Home Brewing Co. 
(First Scientific Station for the Art of Brewing, analyst.) 





Parts per 1,000,000 


Total *solids.: \'¢es .4): br Ses el? ee ie ee 448. 
Organic and volatile scsi. 9+ cence fsb s wale ian ena 20. 

Trom (Ue) o's sate ye wns ac he wee Aly 4 oo Re on eee large traces 
Caleium ; (Ca) Gowanus ise Fah F Ce aye ek «ee eee 62.8 
Magnesium ©{ Mg) 05g viernes aeons ben eatin, oilon lt sae 12.6 
Sulphate “radicle (SQ) js. ee ns sc eee rg es 144. 
Chlorine (C1) 0.6 0 oS ie ee ee ae eee 24.8 
Nitrate: radicle (NOs) \ ote ee cee ois cals es none 
Nitrite radicle’ (INQ. 6.05 = ss enh etc tice al eee ee none 


In the vicinity of the old State Exposition grounds are several wells of 
note. One, 8 inches in diameter, at the packing plant of W. 8. Forbes, is 
said to be 400 feet deep and to yield, with the pump plunger 340 feet below 
surface, 300 gallons per minute, sufficient for all needs of the plant in 1906. 
The water is said to be remarkably good for boiler supply. A low mineral 
content is shown by the following analysis, recomputed from that furnished 
by the chemist. 
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Analysis of water from deep well of W. S. Forbes. 
(Henry Froehling, analyst.) 


Parts per 1,000,000 


SEE, TCL A MERE ad eee ere ares, os Riche Coe aa hil cA ble Gen ee cee 92.0 
C\E ahi cmeT OA LL GURIPMm. fo tu SA Set aE ahd Nick Ren bo ND oka FdaE SR MS ee Reid OS A 8.0 
SIT be LE) © oo os TR Pe oh OP ED op bP a ee ge Pe 15.0 
Sway TMANSAL | 2A oe SM Riel ti tool RT Ml itor 6 re 4 ie IR Meee Soe ee A ae 0.4 
eerCt (COMED Piety «tg Pc Ol oe aL ie er Ld achat ER ad Adc aad eats hale a eh.6 4.0 
Pe ariee rere OLE) oe ven Mamas alec ar enti <A We  y ha fw nig Sie yee loa 0.2 
Srohaw hte! LOL E AE Rem Eas 24d Se eis Cees PATE ns ee iT Le 22.0 
PES TT Perot ot i ASG) OP Sey Re Ga fall ee ee ee ny ae eee not determined 
Sere COICO ta) ene wh ak & oe ie nes GS x tae id ee a 25.0 
PORE ACE IEAUICLG CLL ye ciate 4 asic oes be ee oe ten not determined 
se PORTA IGlcie OE RL Take N aces tet ati, Aer Ssh. e Woy see Gs > cite 4 12.0 
Ho ef ETE eG OO IN 2 gy Ply ace leg eae eA adh ae Nee ite he 5.3 


A well said to be 385 feet deep at the Richmond Union Stock Yards, 
about 250 yards east-northeast of the above well, obtained but 5 gallons 
per minute and is said to have been affected by pumping at the Forbes plant. 

Another 8-inch well not far away, that of the Southern Stove Works, 
about 300 feet deep, is said to yield 200 gallons per minute of an excellent 
boiler water that is used for all purposes about the works. In recomputed 
form, an analysis made by Henry Froehling for the company shows the 
following radicles: 


Analysis of water from deep well of Southern Stove Works. 
(Henry Froehling, analyst.) 


Parts per 1,000,000 


SMe ea Pa EE oy. fia Se ct Bk ges Sr Sane gg eG ea Oe ah Se ee 319. 
RAG), MBO Wet et Be ah 8 rs FRR Sieics Sa are ew oh pee a8 as 
PON ee Rie eter We oe eect, Pat cea nathe cis Sia ogee oO ae mh eye cok oo 0.4 
SLAP CEV AST SPP LG 0 aaa Oe eg ee Ae aoe ae a er a O73 
UCT Tesh AE fo ha A sas tel ale Sk lee a ee ey’ 
MPA ERTL Coys tn: Reet ca hye ange ie ia awn, wee We Seiya * os Ven 
SYNE TASES wite, Hghie ae Tae, A lntecdens, cia lathe a eo a ee ae de 76. 
iC eeer aT) Th] Be etre eens re ae We eRe Wed ee Woe mn ea Waite wha es 3.6 
PAS ERT ESOS VW WAI Oe Mitel oN» aed CAR ga Nene | RRO Np Sean ghee eta Ee trace 
eeria Lee TOR Gleel ait. oh eieiie, pil ht. ecg Ba card cele & anata c not determined 
TE AEETEMUIL CAT OTC LR a LL CUI o ence NR IM hg Oty) ox Rae Powe kine gue ee wa ee 183. 
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Northwest of the city, in the vicinity of Ginter Park, several deep wells 
have been sunk which vary in the amount of water obtained. One on the 
estate known as Westwood went 900 feet, passing through Columbia 
and Chesapeake deposits to 108 feet and through granite below. The 
yield was but 5 gallons per minute; another on the same estate after going 
through 118 feet of sedimentary beds and 350 feet through granite obtained 
50 gallons. At the estate known as Westbrook a well 306 feet deep obtained 
50 gallons per minute of good water after going through sedimentary beds 
for 96 feet and granite for 210 feet; whereas another well, 322 feet deep, on 
the Bloomingdale Stock Farm, got 25 gallons per minute after passing 
through 123 feet of Coastal Plain deposits and 199 feet of granite. 

The best well in this section supplies Ginter Park. It is 8 inches in 
diameter and 357 feet deep. Granite was struck at 123 feet. In 1906 
about 60,000 gallons daily were pumped from the well for residences and 
for the Union Theological Seminary. The water was tried at a large laundry 
but proved unsatisfactory because of its hardness; it contains a considerable 
amount of sulphates. An analysis made for the owner, recomputed to 
express results in ionic form, follows: 


Analysis of water from deep well at Ginter Park. 


(Henry Froehling, analyst.) 








Parts per 1,000,000 


Total solids: ..; 045.5 Lae eat Lee eee eee eee 626. 
Lotal scale-lorming (ma ther savicncs pis bas foie okie eee 219.5 
Oreanio and-volatile: matter.<5 1 2ise. 5. oe vege oa ae ee 6.6 
Silted. (Bis) © Se. Pern, ce es 0 ee Che Le Pee ee 2S 
Oxides of iron and altmina (¥¢,.07-- ALONG oe Le 
Galeiam (Ca) 9. os x ciue GR em niin Sania i ke ees re ee 03 ye 
Mapnesium | (Mey oii oi ele ety opepee ein ay ere eee ert reer ied 
Sodium ‘(Nag 3.02 5\ cores 2 pear ss eee et eee eee ee 128. 
Potassium . (EC) © arcs 3) ice Geaaet tena gee a re 8.5 
Chiorine (C1). << 0 ac sue A poets cote ee ke 37.0 
Carbonate radicle «“{ CO.) 2.4 sah eee en ee ee ee oe 87. 
Sulphate radicle,, (S0,): ce. : . seca aee Seat ae ee ee 2G . 
Nitrate radicle: ( NOs) yo cea ea ee eee ee ee 0.18 


WELLS SOUTH OF RICHMOND. 


At the works of the American Ether Co. just south of the city, a 407- 
foot well on low ground near Almond Creek is said to have gone through 
“earth” for 117 feet and “rock” for 293 feet. Potomac cobble beds and 
soft sandstones outcrop nearby in the creek bed, and the greater part of 
the “earth” is probably Potomac material. The well developed a large 
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supply, reported to have been 200 gallons per minute. This water at first 
was good but after some time became remarkably saline, and so corrosive 
that it could not be used even for condensing. The following analysis, 
recomputed from one made by the former chemist of the company, shows 
the unique character of the water: 


Water from 410-foot well of American Ether Co. 
(Henry Froehling, analyst.) 


Parts per 1,000,000 


OTL als AEM ES rae aa SY a ea RS ge ga Oar ee  EAkA ee ee 1610. 
UCHLI BIER ULNA te, Mate care, RS Sete Ne ne ae og oe. 
Oxides otairon and aluminan( P.O; -+--Al,0,)... 0 2... ons aaw dss 16. 
Sere Res AY TIME HE UU er Ate vrs dice Shc ie Sept and ev cra: Abie boar Sa ie 
ESN Tai Gt aut dl a I ie Oe 0 oR ee re ee eae 8.9 
MIDI IFime ONEL } oe Wile et EAs tok ag aha dea te de Beoiadcts 4 tdsiress Gahetonae ahosses 580. 
PAT OOURLOSTACICLAUTE CU)s law whats ieee elec oes kha cueru aly cl cin ot 86. 
BSG Lem P OMICS) Odea At eee ee alee oe oe! dace asthar es ous 93. 
Arts LO VEMsMUeN (cee Br or as eta e-2 Shi art ve 2 + Soe wha RW 0 eee Wbey elas we 778. 


An 8-inch well at Curle’s Neck, 15 miles south of Richmond, went 
through Coastal Plain deposits to 311 feet, and into granite 414 feet; when 
completed it yielded only 9 gallons per minute. It was dynamited with the 
result that steady pumping for three weeks at the rate of 100 gallons a 
minute lowered the water level only a little. A sanitary analysis made for 
the owner contained these determinations: 


Partial analysis of water from 710-foot well of C. H. Senff at Curle’s Neck. 
(J. A. Deghuee, analyst.) 


Parts per 1,000,000 


gah AW spel oe tok « soy hee Raclienyelae, Bat tare tan! ike ana Oe ee oe a 234. 

CTC: ReOLICE Ne cement xt rete On Se RSLS y ME cate sa ldee Benes 12. 

Hardness, equivalent to CaCQ,, before boiling................. 6.0 

Hardness, equivalent to CaCO,, after boiling................... §.0 

ein t Hansa ect Sew let re ace ad em Gl EN. AE SON, be Stes o AF 3 31.0 
EMPORIA. 


At Emporia on a river terrace 40 feet above sea level, just out- 
side the western edge of the Chesapeake deposits, is an 8-inch, 600-foot 
well sunk for town supply. The well entered granite at 6 feet and struck 
crevices at 62, 370 and 470 feet, the last being the most important. ‘The 
water is reported to stand 10 feet below surface. The supply is said to be 
free; pumping at the rate of 100 gallons per minute lowered the water 20 
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feet. Only 28 feet of casing, it is stated, was put in the well. The quality of 
the water is reported to have been unsatisfactory and the town is supplied 
with river water. 


PROBABILITY OF FINDING WATER BY DEEP WELLS. 


The accompanying list undoubtedly omits some rock wells 200 feet deen 
or over that have been drilled in and near Richmond; but it probably in- 
cludes the majority, and the omissions are chiefly unsuccessful wells. 
Drillers are lable to omit mention of dry holes when telling of the wells 
they have sunk, and some pursue the mistaken policy of claiming, if there 
is a chance of closing a contract at so much per foot with no guarantee as 
to yield, that they can get water anywhere. Owners do not advertise a 
failure and the present holder of a property may have no knowledge of a 
well drilled some years ago. Hence the total number of unsuccessful wells 
is hard to ascertain. The list tabulated, however, is long enough to serve 
as a basis for estimates valuable to persons contemplating deep wells for 
considerable supplies of water at points along the western edge of the 
Coastal Plain where crystalline rocks occur having the general character 
of those near Richmond. The facts are as follows: 

(1). Of the deep wells in crystalline rocks 2 were dry or gave too 
little water to be of use; 7 gave, estimated or measured, 5 to 25 gallons; 16, 
26 to 100; 4, 101 to 200; and 2 over 200 gallons per minute. Or, 5 gave 
5 gallons or less, making the proportion of commercially successful wells 
over 80 per cent. 

(2). Of the 22 more successful wells, 15 or nearly 70 per cent went 
less than 500 feet into “granite” and 1 went less than 200 feet. 

(3). Of the 17 wells yielding 50 gallons per minute or over, 6 were 
on high ground, 6 on low ground, and 5 on hillsides, showing that yields 
bear little relation to the situation of wells. 


ANALYSES OF WATERS FROM WELLS IN CRYSTALLINE ROCKS NEAR RICHMOND. 


The following table gives all the available analyses of the wells men- 
tioned ; it includes partial analyses and determinations of chlorine, total and 
volatile solids, and hardness from sanitary analyses. That some of the 
waters may show, when the wells are pumped heavily, a very different com- 
position from that indicated by the table is altogether possible, as the heavy 
pumping of wells in crystalline rocks may modify the circulation of the 
water for a considerable distance. 


TaBLE 3.—Details of Deep Wells in Crystalline Rocks. 








County and 
Place 





DINWIDDIE: 
Petersburg ..... 

GREENESVILLE: 
EM POTiae ss. See 

HENRICO: 
Barton Heights 
Curle’s Neck 
Ginter Park —.<. 
Gintersearkes-.= 
Ginter—Park=.. 
Ginter Park . 
Ginter Park.. 
Richmond 
Richmond 
Richmond 


ee eee 
Cie 


Richmond 
Richmond 


eoeree 
eee ee 


Richmond 


oeeee 


ee eee 


Richmond 
Richmond 
Richmond 
Richmond 
Richmond 
Richmond 
Richmond 
Richmond 


9 ea a8 
oe eee 
ere ee 
ee eee 
oe eee 
menace: é 


Be 8 00 me 


Richmond 
Richmond 


oe) 0- © +e 


ic ae et el 


Richmond 
Richmond 


oe 606-0. < 


ae 


Richmond 
Richmond 
Richmond 
Richmond 


O59. 0 ae 
oe eee 
oe ee aed 


watile ss 


Richmond 
School 


ra oe. & a6 fe 
















































































z a 
2 a a 0) ial 
ish a 5 uae = geal & co) 
Owner 5 = a Bla a 5 a | & i 
S 89 oP eal | = ale 3 Use Quality Remarks 
te eee 
¢ [6/42] 8 /S4 iss 55 |S4/88) = | & 
> |S5| Bl se | RS |ESlasies/es| S| § 
Pa is sO a eee ee eee 
Ft. | Ft.| In. | Ft. | Ft. | Ft. | Ft. | Ft. | Gal. | °F. 
J. B. Worth & Co......---) 00.0... P| = iE Loree ee Senay cote bases 50 | 59 |Ice making 
TOWN nonce eet ae 1906 | 60 | 600| 8 | 470/870; 28) 6] 10| 100|..... Town supply | Hard, irony | Abandoned 
TOWN .. eee eee reer eee eee $909 241507592 — 822-799: |<200 4. | TSS 40 Ta Town supply 
_,C. H. Senff...........-+-- 1900 W622 (2b 8 = aot, 20 alps oll 26-) 100— as .:. Soft 
L. Ginter Land & Imp. Co. 1898200 S80 ester Owes was sachsen es 123 3-=40s) 166-1 os Town supply Hard 
Bloomingdale Stock Co..../......../.0.. pe eee ee 1339 = 95 |... 
PWertbrok==4... 0-0 ee fe. ae ae eee OB a= TiS pete 
= Veet woot... sane eel ae ee EtG os ios ee ae eee i aipee se ees 
soe | WOSEWOOU = = ine Ge ete tte ae te elaneee AGS SIGs 08 St ee [eso Bi aS ager ait Fears. | 
eee oe = Sa ee Dei 12S CS Sale Ss eae be a bya es eee Condensing Salt Abandoned 
emarle Paper Co....... 886 1 Ba le2hs. ae Drinking, washin 
A. D. Atkinson (Richmond Oy 228 : au : 2 ae 2 . 
Hotel) .... se ee eee eeee TODD = E10 Sens caw nance oe LOGS enlace DOO bance ane Hotel supply 
Chesterfield Apartment Co.| 1904 | 195 | 365! 8 | 230 |.....°.....1..... iS) Re Drinking, boiler 
W. S. -Forbes............. i 6 Patan a oral @ Rela TS 9 ot ah Se Ss eencrsl Ry cena oni aac S00Sias os Boiler and 
washing 
Ws S. = OEDCSs eevenzie eet 2 Bl oes eee TSO ei eee acces aihraia ead vie ace | av ose che cancels Pde pret Boiler and 
: washing 
Home Brewing Co......... 1804 Sete BPe S550 — bes. Ls eval ees 98 | 125 | 50| 62 | Brewing Hard 
Home Brewing Co......... 1899S ISOS 50 tee ee. cnc eee 98 1. . Ss rer Brewing Hard 
Home Brewing Co........-. BOGS 189 “ht C0 seer eos ts aoe 2 Osi. acs (iS Rae Dry hole 
Jefferson Realty Co........ 18905-8180 (25 AS 4109 alee 1233 a ae ae Not used in 1906 
Jefferson Realty Coss ac 1896 =) 180=|.445 7) 281-425 | 400 | 123 | 60} 60] 62 | Hotel Soft 
gS Tatts hj Rel rig Ot Pen ee een SOG. =. sae aS RS Fee poe 149 | 23] 201! 60] 62 | Condensing Corrosive 
POM eta C0 pace Ss oars nos eae sek we LOO SOUO Stee eer as acta poeta ees post acetone toncenae as gece General 
Murphy Hotel Co. ........ 1904 Set bst 450s =8s5)-250 +... ss 150) 125) LOO += 45: sss Hotel, medicinal Pumping 50 gal, p. 
m. lowers water 
50 feet. * 
Murphy Hotel Co. ........ 1906 S)2175 4102-8 (600). 109s) - 1252 cas 654 Sowa Hotel 
Merchants Cold Storage & | | | 
16: CO ae en 1901 CER yd OES Aor Rae Been Peete foes 120 | 62 | Condensing 
Richmond Paper Co....... 1884 | 83+ 2561 6 | 250'|..... Seis 602)=- 205) Fe lrony Abandoned 
Richmond Union Stockyards | | 
Oe See eee PRO O eens SoS aa Seet< ee e a TBS erase alccres ytoet ahs. eas Vatering stock 
Seaboard Air Line ....... 1900= |} 2002 S002==.8 teasers. os M00 sn, 0 as eee Dry hole 
Southern Stove Works..... 18022 UN) Sieber sab peas weil gists vecs | wagner As aro Boiler, drinking 
Transparent Ice Co........ 1900— 321 05s) 103 teehee en ace BW poke: 1b 60s Iee making Plant idle in 1906 
Virginia State Penitentiary!........ J15 | 248 | G25) 240 shes). a Osha ace BCR ree General 
to 
70 | 
Virginia Union University|........]..... ZOOS IN 2D atinca ones Doers Sen eee 40) 30 < 
Laurel Reformatory School} 1905 |..... yO a aa eel aes Se ace 33 | 231 251 60!.....1 General 



































aa ae i 
ae ri = 
he 2 SAD 
he rr, 
al eles a 
Ths. Se: 
iL Ss oe ne 
y ‘ o® 
* 2b 
tae 
ee Po. 
i. 
ro : 
Af pa ona? P 
wa or . +3 : ” 
, aie one Cham we eg a ee ; 
> Pee ws te so ers rena tt ene oe ; 
a . ae eae ae 
VaR ak ae | ie 7 
i> 4 or —_" . : : f 
7 = < J | } 
gi * aa ; . 1 
So eS 3 7 sree t bra Bastol) 
. Ft a. ‘4 ' 
it the oi =e ; ; eenll : Remnrrne 
on” edhe ~~” S _ - } © 
rae, Sees 
+S ; “« sf i 2 
an if fe . ; 
Sac d Gece RE. o Mie ate 78s : 
mae berate nate 
j es 4 ; 4 j : pan om OL 
Sn \ ' 5 
5 *, 74 . mr , 
OBS | i ee H wu 8 r ee wh se TEia] WATCH 
2 x 7 ee Mite we ae dine weed we 
Dy i... Buiderstest 
J ] ‘ ‘ * 
he ve ~~ . ' tT ere _ 4 7 i 
et, Sm SU 5 FPS | errant 
: ‘ FU so ae fit na > . 
I ; . 
eae cee : om 
ie teal >>. ORR : -(VoTA KAY 
‘ : ate ey wT paeees., es a 
ST | ag 1 eLAnet eeu ' 3 sbiidaal nfsiolt not ell 
cuts ne } eee er ieee . hase H )} : ae 
» see | QHUS, Z| ) >} wernt 2 ee ea ‘e . mov ehh) P 
ag | a cae AE oe rp ‘weetehs) Ti ; 
ger : i F f \ CAs Sy Aa A iach rhe y \ 
oe « Oe wk oe 6 8 De baer: 2 wr a; atu sepia’ : at : Pe oy 
wr i , ; : < 4 BASS rimtoolet .. trot ee ee ’ 
Shee Se Se i r ah. . sf ry: efts re - ; , tnt Sh EST, 
;- GUE sewew, eo oes y ay « : py hl BE Sed eine TT ye 
+4 ‘ : - ot a, a l« oe . 
pos ee ee - : 2 ’ ‘ 2 st Line Soe at ai 
23 ing ere sowie : 
=f ; ee mit ¢ I 
L +4 ‘ 7 ’ st » , o« * 
A ae | {if Pig Daas: f ary aj ‘ oe . pheages r ‘- baze rel esial Oe . ’ 
‘ 4 . ‘ é 2: es, be he ix : 7 1 > r ? 
1 Me : itt (7 ah) one ' (T ; : - 2 Oiin 73] 
Ste). 4h GARE priate cop Tae brio 
i) tre wire — } hy i vse 1 he J 
all tases ih? | y t ERs Neate sien ; ‘ : 
(e ; - ror gasig A, bidteatete® | man; ta ¢ Ase. 
hr ue ; ry nii H sent ch ; ok tiedatiai . ronrotit ; : a 
' 7 . - ad sade «io OR 1k B |? 
t ? ; b+ 3s | (Pui « | wr fve antut rs] ‘ : 44, 
., Cine, 3. BBL et : | } 
= ° ° * ae ® . b rw , f3 i a e : ? 
A hed \ ! “iF i 3P . : 
f as . \ - «+e a id } ¢ co _ ry 
ony are 4 t ue ; r . - Tih «nee fy; are anal 
) Pair — 4 oT ee my 2 or a se wens YROsFi 
i wu Ri (24 ¥ aa = 47). be {s - - DoGeaK Tha! 
we. Ty it y En€ Se FRE sVATICN. atti ; 
. ‘ ¢ F mr \ 
ero a wt on 0. vile nostet tae bcrr mois Srp tad ' 
‘ , i vig i. mera Wiistt ‘ 
, orw Ad } a site bee i - i leas Tye encieit : a ‘ 
:- edutad ors . tS : tie. eT eae hs i e “ 
af ee ies wef Ob ny) S adundthls + heccidsis : 
mie mi ar is bomeuckeiy.... LerentereBritt 
j ' [ed oe . . * »» . ee PF rr P _ ;~¥* ’ 4 
Get + oe i : ' - poi) ....° Soourmoit 
cooly Sages Bae A. £209 Ipduli qq 9 pina 
Jat ~ 2 7 ibl«! S ~ : 
o}  becematany phanagreaty af? eh, Bs 
: bs 
,! : ; es | a * ~ 7. 
gee abe 7 avy 
es | €e4a ¢ Wal te Be Ff a i > Fm 
t We 233 1D Fi cyte sa Gi Tees. 
eer ‘ ", ‘ was Dronilota { 
: ae ae ; #a sinik hile were Evsety y 
+t Os, biN dg: ~s Dbeoaptisii 
ce ., + : 2/5 44 e a de’ _ zor d 
bone | Be. eae) oy.) Oneal ; 
 Sooeent : i +) 2s wu | fh a 
a } R ! a sHtore sy *) us av it dnksi 
LD ee | ebrevsbosenoints baontd ae ats cise ah? Y 
; ; i ty oy afesSvac he } t 
v¥ rota alae el 4,4 Pp r ‘eee Droutyl ial 
st fie ii) teat ‘ ee ae “i 7 ee AP? x | F 
vi i+ ; 7 Pay 
OS uct SBAE | [oon RM ae caodanal..... beneath Gey Yet 
ene - , A. Pe MER ay tte “| “f ‘ : 5 ‘ 7 
penta ight >) ee ae A. 7 Som ‘pacts ite ne berenatoidt 
ne vo 7 ae © + Oy ovERqas : v7} so : 
pms.) es u 20 lore pf yep hae i sine i Kirt hae - rr foomedoift tank idk ia 08 by 
. ; . f\ “J ey IE poret ' ca ’ wiry |’ 
a : heegtt 4 |... bacon ; ; 
4 , ; - r i 
PIC Re : . 
ab we . Pde iad . : PY 
‘ Ab  Undbiard ¢ et omgie & ‘ SLED t 4 on # 3 1. “ . 
ns fi g med rs i ; Co) fod } sinindY¥ yf percent bs 3iE 
a rebel & Ask: | lone vapina ee pres bebe) @ | 
net nee (ipheari iste tasae4 ross ins i 
: . SS as Rene ee tt oer ae jour oe ‘ | 
: en ee : 
—— gee 
‘ : oe a ee 
Pe 
ie . 
Se af | 
, 
- - 
f 
oy a Y > 
= - 
go : ; SS : a ‘ 
. ; iv on Pin 
fi -4gi8ys 
, , . ee ee 
=I) Ak) ] Pest tat 
“ : fe, Ls Win 7 ih hied 
P . J arse? J joe ¥ iy, “ty 
Ow um) re on aC 3 ae ann) PA fri mye 
< g aye re ee rae ‘ F ae 7% 
= 9 Ae ore yi Aree ae aye 
fa Ge Ps gor Esa Ais , lo ie 








95 


ROCKS. 


LLS IN CRYSTALLINE 


n 
4 


DEEP WI 














Som erererclors 8) OTQOT TTT) Q'S OYTO ert tt eee eee eee ee laces 
Reet tM crete ollie eta eNO wiasec-o taf ticles oe eT [ote ftrttr| seeders) gg OuZ ct 
eeeeweeleeceevesiscevecee 9°, Seige O° Zi 0°28 4 he Ape cag: | ap le 0'OF 0°L0Z 
iia Hievetee eee ee See MOVs pores | arr pcg eae a oTa- 6's 
oe «© ©} oe aie ek 0°9F “as 4s 1QeQ 9's Cvcceslecerceeloecceslscesece 0°02 0°02 
ee eee eae O60 eo 6's in eo ws © 10 oe 6.6 8 bie Gre 64) ee « ae 4 wee eee ee wee el wee wee aan eee | 0°82 
ata | aa) 9°¢ 0°92, Jeeseece | 1°0 liebe oe 6 tes e'0 L'0 eoccee 0°9 | eo eeeee 
-==++! 19° | 0°92 | 0°69 | azo’ | 0°82 | 0°89 eo | TL isto octtttt) oraz ttt 
em Or 6°1Z eh; 26 40 Te | S00 Sh Te" “| PPE |68°0 
versleteeeelesesee! Qeay [eee ree! Pay ata ee oo sree qian 
Sete Me Az oy ete Silla eee lpell oe tco Cl Wewmiete oe OS [occ tte eetlesteetissers | eg | ote freee 
@eoeceeleveeccei|eevecvseleccceoseiesecce CORA 0°29 eee eee oe ee “4 eee ee oe ee eeee 0°06 
eeterecocallla, eft eee raat ag |v] org OO [terete itttet ele! gg ose crt 
uate LO” Ls “SI SZ" | O'SL | 0'6Z LT’ | G°0 COR Se et OLLP Gx 
eee eee ewe ee eloeeeee. 0°08¢) 61 ©) ears 6°83 0°9L ee ee ee ee ry 0°9L 0°2E eee eee 
; ecg eae Disney OIL | Bag [roreesfereessfeeeel BT. | ores | 99 
ste eee |" 58 . eoleensevl|escevreeleoeceeesicocece | seveese|eeeeee|eeeeeeieesees eeeee | O'S | 
> | > cn eS oO 
= sae] D RN Q NM 
se (S-- Pa g 9 eeeo a oe os Ream eee = Bog 
@ 9 oe eS? pe gS. B 5 B 46 Sl es 
S Soni see i = a ab nD | 
ee tee Mes Pole) BR oS Sa oe 
Ww nx ~ ™M a St > pas 

e 3.) § op ee ee} |g 

| ~ = +65 2 

EE ct 

| S o 

ee 











| 
| 
























































SPITOS [BIOL 





"(eq) uInlivq sjivd [FO SUIe{UOI Os[e 109BMaq 


"(egq) umrieq sjyivd ¢Q° SsUIe}zUOD OST I09B Mc 














[ooyg [erisnpur jemeq|" tt Toouag 
Sin occewdssesses sec e ee eeeceececceresressi@ee"e"* HIBT POOMIOYS 
i ercoccicheecce=) = APISIOAIUQ WoIUQ wriursitA|°° °°" °° *** = puoumyory 
[tests eee ee eee eeees =< SOGIO 7 OTS 8M. a ees DUUMIUSE 
eer ese cce Oe wo ee AIvI}UIUIT OPGIS Sw eee aces puowmyoly 
get "Trere"* SHIOM 9A0}G Usleyynog|** "°°" | PUOUTYIIY 
ee ee SYIOM PAOJG UloyjNOg)*** "°°" =~ puOUTYarY 
Be Seta e he cbt Wrens 10H puouryary| | puoUryory 
tenes eters ‘og PIOH Aydiny| | puoMYoRy 
eee . ed "09 2» uvsuly eoreee wee ee ene PpuoUysIYy 
eee Oe eee ‘090 » ue surly eer ee en ee eee puomyiy 
Be Cea) S00. Gee. 0a). Ce & ‘OO SsuIMeIg OULOE tas omni | apes puoulyoly 
. . eee ern ene o° uOSsIO or 1910 eooee reer ewes . puoUlysiy 
sate 8 sie "ees squeuTyIvdy plepgieyseqo}***°°* °° °° puouyory 
. eee eere ere eee . fore) Belonlicg UBIO VY or . . Ve 6a ye puomyoly 

Som «dia 2os ae eee See aaa “OO quaur 
-aAOIdW pue puRT JoyUIN sIMaT|* CTT’ HIV 194UID 
e@ereereeerererereereeeeeereeeeee ques °H 10) or ereeee eeereeee uemyeyp 

IIUMO AV[BIO'T 














(000‘000‘T 10d qv) 
"Ssyd04 auypnjshio wolf Lazon qjam fo sashjoup—yF ATAV, 


UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


. 


J 


vt 





LO6L ‘°OD YyUIg ATTJUSeG “A 
J68L ‘suUITqoo1T 
GO6L “°OD YIUg AoTJUEG “HA 


S06L ‘suUITWIO17 
FOGL ‘°OO YgIUIg ATJUEg “A 
GO6L ‘sUITYIO1,T 


906L ‘WOSZIOqGoY Y® sulpTyso17 | * 


FOGL “UOsZIeqoy YW Sulpyeorg 
p06 “OD YIUIg AVTJUPG “HH 
S68 ‘SUITqoOI 
SUIMIIG JO 4Iy 942 
OF} UOVIG OBIVUEPG 4sILT) 
968. *SUITYoO.1,7 | 
FOGL ‘UOSZIOGOY ®W Sulpyooiy 
Z68T ‘sulTyooiy 
GO6GL ‘SUITYeO1 


vnysod “Vv *f£ 








lta Fed hk Sh GOL 
a = 1+ 39. : 

“1} hale eGe 

Z00* | evecee | Gur 


eee ere eee eee lis eeeee 





eeeoesl|eerese 











ayep pue 4sAreuy 


(IO) eulto[yD 


(SON) 9IIPVI 0FVIIIN 











(J) euIpoy 
(Ig) 9UlMOIg 


(*Od) Iorpea oyeydsoyg 























Se 0704, 
hale emit 0°SOL 
[steees 0°1g 
9% | o'ser|""*""* 
eine 0°98 
a 0°18 
eoleccsosleccece 





Vie rb eceseyp ec [ooyag [Vliysnpuy [eine 'T 


es Jia ll AYPSIOAIUQ, UOIUQ BIUISITA 
AR Nae eee “Se essoqIog "S “AM 
ee eee ern eee o* AivizueqUeg 3384S 
rate teas ereeetale Te SYIOM, 9A0G UseyINOS 
Sea ote pie eoece SHIOA\ 9A0IG ULYINOS 
Aerie: titeeeeeeeseees TQ_ORF PUOUIYOIY 
Ce ee se a Ye Me ee ae ‘oO 1230H Aydin 


eo ee rere eee ereesereee moy@) » uv surly . 
ee eee ere eee reeeeeee oe ‘oO » uUBvsSuIy . 


eecreeer reese ee eeeee + oO SUIMOIG, sulo 
Ske OEP oP ere  gosteyer [10H 
coe seceevess sjusuTyIedy plegseyseqoO 
anise eae OQ JoYIG UBOLIOULY 

-* "OQ yUeUT 


Pe ee ee) ee 


-aAOIdWIyT puBe puey J0JUIy sIMoy!~ 


ee  e ? 


Pe oe . eee rere eer esee 


ee oe ey 


CD 


Perec ee tae ee 


ee 


ee oD 


ee 


ee ee ee ee ee) 


eeeeee [ooyIS 
ececescece yIV_ POOMJIIYS 


puouryary 
puouryory 
puourgary 


puoulyary 
puouryary 
puouryory 
puouryary 
puouryary 


puouryory 
puowyary 
puouryary 
puoulyory 


yieq 10jup) 


BvItodugy 
uvuyeEg 








(FOS) eprIpea aqeyding 





wl a 
oO > 
RE S 
a S| = 
Ao | s 
OG.) .& 
o SP | » 
at) | Sy 

ai 
® H 
oS 

Lac) 

9 4 
Qu 2 
3: oO 
oO —~ 
Q 
co) 
pee 





IdUMQO 


AY[BIOT 











"sy904 aUYIDIShID Worf 











(000‘000‘T 10d sq1eq) 
wajnn jjan fo sashjpupy—(‘panw)uoys ) 


‘> WIAV], 


DEEP WATERS OF NORFOLK—NEWPORT NEWS AREA. Se 


A comparison of the analyses shows that the total solids range from 
66 to 1,600 parts per million; the calcium from 1 to 70 parts; the magne- 
sium from 0.2 to 28 parts; the sodium from 6 to 580 parts; the carbonates 
and bicarbonates from 4 to 180 parts; the sulphates from 10 to 260 parts; 
and the chlorine from 4.5 to 780 parts. The differences are explained by 
differences in the underground circulation. 

Changes in quality of the water.—Little can be foretold regarding the 
bacterial purity of the supplies from wells in granite underlying a densely 
populated area. Where the surface drainage is good, the soil cover on the 
rock thick, and the well casing tight, conditions which may obtain at all 
wells on high ground in Richmond, the danger of contamination is remote. 
But heavy pumping can produce such changes in the circulation of granite 
waters that the waters from wells which are seemingly not exposed to con- 
tamination may be easily polluted. After being in use a year, a deep well 
at Atlanta, Ga., was fouled by impure waters that may have entered the well 
at a depth of several hunderd feet. Hence it is advisable to analyze periodi- 
cally the water of a deep well that is heavily pumped. 

At Richmond the joint cracks of the granite may be filled either with 
river water, with ground water slightly filtered, or with water that has 
soaked through many feet of stratified material of varying composition. 
These waters may mingle after a relatively short journey under ground, or 
after having passed through a long series of intersecting joints and having 
descended hundreds of feet. A particular well may draw on one crevice or 
a series of connecting crevices, and hence the quality of the water from 
nearby wells may differ greatly. 

An erratic well water, like that of the American Ether Company, 
obviously must be local. Various explanations have been suggested for the 
saline character of somewhat similar waters found in granite. A reason- 
able explanation for the Richmond area is that sea-water accumulated in 
crevices at a time when the James was salt as far west as the rapids; an 
alternative is derivation from water that did not come from the surface but 
ascended from a great depth in the earth’s crust. 


DEEP WATERS OF THE NORFOLK-NEWPORT NEWS AREA 


General statement.—The possibility of obtaining artesian water by deep 
drilling near the mouth of the James first attracted attention 65 years ago 
when Government authorities were looking for something better than 
cistern or shallow well water for the supply of Fort Monroe. Since then 
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wells have been drilled near Fort Monroe; on Back River, 7 miles north of 
the fort; at Newport News, 7 miles west; and in the vicinity of Norfolk, 
from 8 to 15 miles south and southeast. In all, fully 10 wells have been 
put down and not one has been considered a complete success. Some did not 
find flows, some found flows that were too salty for drinking or boiler 
supply, and some found little water. 

Because a great number of successful wells have been drilled elsewhere 
in Tidewater Virginia, and because drillers and others have claimed that it 
is possible to get artesian water in the vicinity of Norfolk and Newport 
News, the questions whether there is a possibility of finding such water and 
why the wells thus far drilled have been unsuccessful merit detailed answers. 
Besides, although Norfolk and Newport News had in 1906 good public 
supplies the number of manufacturing establishments near the mouth of 
James River that may desire to procure for industrial purposes cheaper 
water than that furnished by public service systems is large, and some may 
attempt to find it by deep drilling. As enough work has been done to 
permit definite answers to some questions that would arise in the mind of 
any one investigating artesian possibilities, whether well owner or driller, 
a review of the results of deep work in the Norfolk-Newport News area 
and what these results indicate may save misdirected effort and wasted 
money. In fact, the reason for the failures to get good artesian water 
about Norfolk was the most important problem that came up for investi- 
gation in the course of the field work for this report. 


Limits of area.—By the term Norfolk-Newport News area is meant 
Klizabeth City County and the south end of Warwick County, which are 
north of James River and Hampton Roads, and the north part of Norfolk 
and Princess Anne counties which lie south and southeast of the mouth of 
the James. The area is thus defined not because its deep wells show features 
which are not presented by wells elsewhere, but because of its population 
(over 75,000) and because it is destined to be of increasing importance as a 
manufacturing district. As has been indicated in the general discussion 
of artesian conditions in the Virginia Coastal Plain and as the accounts of 
work in other counties show, no flows, scanty flows, or highly mineralized 
water seem to be characteristic of the deep wells (more than 400 feet) in a 
considerable area, one that probably embraces most of Norfolk, all of 
Princess Anne County, the east end of Gloucester County, part of Mathews 
County, the east end of Middlesex County, most of Accomac and all of 
Northampton County. 
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DEEP WELLS NORTH OF JAMES RIVER 


Fort Monroe.—The first deep boring in the Norfolk-Newport News area, 
the first in Tidewater Virginia and one of the first in the entire Atlantic 
Coastal Plain—the first probably being the unsuccessful well at Charleston, 
S. C., sunk in 1823 to a depth of 335 feet—was begun by the Government 
in 1864 to obtain a supply to supplant or supplement the cistern water used 
at the post. A previous attempt, in 1845, had reached a depth of 168 feet. 
In spite of the great advance in the art of well-drilling between 1845 and 
1864, rigs and tools for rapid work in the soft unconsolidated beds of the 
Coastal Plain had not been devised at the latter date, nor were drillers 
generally aware ‘of the troubles that await the man who, skilled in drilling 
rock wells, undertakes with such experience as a guide to sink through 
clays and quicksands. So it is not surprising that the well was abandoned 
in 1869 at a depth of 907 feet. The attempt proved of decided value to 
science, because the samples of the strata penetrated were examined by 
Rogers® in 1869 and later by Fontaine and Darton, and the records compiled 
from this study (which have been published by Darton®) gave the first 
information on the total thickness far under cover of the Miocene and 
Eocene deposits in Virginia. Practically, the well was a failure; several 
sands containing water under so low a head that it would not rise to 
surface may have been penetrated, but the only water noted in the record 
- was struck in gray sand at 599 feet. This water had head enough to rise 
above the level of the parade ground, 3 feet above tide, but was “very 
saline.” 

In the report, dated 1876, by 8S. T. Abert® on the survey of a line to 
connect the waters of the Cape Fear and Neuse rivers and for a connection 
by water between Norfolk harbor and Cape Fear River appears this record of 
borings 313 feet deep at Fort Monroe. The object of the work is not stated 
and no mention is made of water. 





aRogers, W. B., Geology of the Virginias, 1885, p. 733. 

bDarton, N. H., Artesian Water Prospects in the Atlantic Coastal Plain, 
U. S. Geol. Survey, Bull. 138, pp. 168-169. 

cU. S. War Dept., 44th Congress, Ist Session, Senate Doc. No. 35, p. 16. 
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Record of borings at Fort Monroe, Va. 
(Authority, U. S. Engineer’s Office.) 


Thickness | Depth 


Materials (Feet) (Feet) 
Marsh “soil (.% v5 cnet een Fan Sea eee oes ye eee 5% 514 
Fine’ clean dark ‘sand. ajo 2 Sy ree aoe er ie ete o oie eee 12% 18 
Angular light-colored sand, containing coarse sand, round peb- 
bles:and mud 274% 4°. eee ele hak te Ge eee eee 10 28 
Sand ‘and mud, ‘different layers.2% fva ech sven so ote 12 40 
Samessetone, sand and mud 2. ..eiees Geek es oe er 4a eee 5 45 
Miocene marl vo: chins a be kiss aoe ee ee oe eee ee 200 245 


(The lowest layer of the last showed some greensand and 
shells, next hard stone full of shells) 


Sand, bluish-gray, mixed (with: mud .2a ee ok ds eae eee 16 261 
Same, fragments of shell marl, stone harder................. 9 270 
Softer, marl, sky blaess.50 ibe ooh en cbiasletcee ee eee os 43 313 





A note says ‘fossil shells or continuous marine deposits were 
224 feet in thickness.” 





A final and decisive attempt to find potable artesian water at Fort 
Monroe was made in 1902. This well, sunk within the fort, started at an 
elevation of about 3 feet, passed through all underlying formations of the 
Coastal Plain, struck crystalline bed rock at 2,240 feet below mean high 
tide, and was sunk in this rock 8 feet, making its total depth 2,251 feet— 
the deepest well in the entire Atlantic Coastal Plain from New York to 
northern Florida. A hydraulic jet rig was used and progress was rapid in 
spite of the large diameter; 15-inch casing was placed at the start and 12- 
inch to 1,200 feet; below 1,200 feet the driller had so little trouble that 
9-inch casing was used down to 2,128 feet; beyond that depth the well was 
not cased. Drilling began January 25, and on April 21 the well was down 
2,200 feet. 

Some samples of borings were saved during the progress of the work and 
the driller noted the general character of the beds. The type of the rig and 
possible errors in labelling the samples make the borings of slight deter- 
minative value, and the driller’s notes are not detailed enough to be of value 
in discriminating formations. Hence an accurate record of this well is 
not available. 

According to Capt. C. P. Townsley, U. 8. A., while boring was in 
progress nothing could be told about any water bed struck except by casing 
to it and bailing the well. This was done at 1,317 and 2,128 feet, and at 
both depths the water was very salty. Evidences of water appeared at 
1,520, 1,630, 1,915, and 1,939 feet, but were not tested. The head of the 
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water at 2,128 feet was 20 feet below surface and the yield was so small 
that with an 8-inch boiler 21 feet long the water was easily lowered 1,000 
feet in the 9-inch casing in 10 hours. The most promising horizons between 
1,320 feet and 2,128 feet were at 1,640 feet and 1,915 feet. According to 
another officer, who happened to be at the fort in 1902 and speaks from 
memory, the largest flow found had head enough to just run over the 
casing, elevation about 614 feet above mean tide. Efforts to develop flows 
of potable water at points above 2,128 feet by the use of dynamite proved 
unavailing; in consequence the 12-inch casing down to 600 feet and the 
9-inch down to 1,200 feet were remioved and no use whatever has been 
made of this well. 

No quantitative analyses of the water from any flow appear to have 
been made; if any were, there is no record of them. 


Newport News.—In 1882, the Old Dominion Land Company which 
had undertaken extensive real estate developments at Newport News, began 
a search for artesian water there. Unfortunately drilling began on ground 
31 feet above sea level, so that the prospects for a flowing well, as subse- 
quent work has shown, were not bright. Work started March 9, with a 
standard cable rig. The driller met with many accidents, in repairing 
some of which he had more than average good luck. At a depth of 329 
feet, reached on March 31, it was found impossible to drive the 8-inch 
casing farther; a series of accidents followed the resumption of work 
with 6-inch casing, and after this casing had broken in several places, the 
well was abandoned on July 28, after it had been sunk 58214 feet. 
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The following log is compiled from the record preserved by the company. 


Record of well of Old Dominion Land Co., Newport News, Virginia. 
(Authority, Old Dominion Land Co.) 


Thickness | Depth 


Macerial (Feet) | (Feet) 
Sandi 26: kinds” <0 2 25.0 shh akan acca Tek ace oe ne cae ee ee ae 18 18 
Sand vend iyellow clays di & Ak -G ae et te et eee Cae pee 15 33 
Sandiand hard tough blueiclay 05, o) meh ke ae ee ee 36 69 
Hard blue clay containing sand with shells; clay, dark blue but 
soft, with: few: shells mtel0Gifect:,.2nh thous, see eee 37 106 
Blueyolay oss ce ieee. co Gr oie a ues) cage eee 19 125 
Qhurieelesrendd p55 itis ype eas A aos ae AP ass a pee 7 132 


Greenish sandy clay, or marl, with numerous large shells; hard 
bluish sand-rock at 1841%4 to 186 feet; water below rock 





rose high enough to be seen by looking down pipe........ 121 253 
Greenish. or bluish ¢lay, free, from sand./2): 462) Gates ae ae 253 270 
Hard stilt tough blue ‘elava. 6 we oie eect oie ee ae 69 339 
Bluish .soapstone’t)\s.2. S40. aaa one chan oe, We tinan eCA 70 409 
Lighter more sandy clay which “changes” at 414 and 420 feet 14 423 
Coarse sand; water rose to within 10 feet of the surface..... 3 426 
Shells, stone ‘arid SRand' 5.!0. 1 ti ee ee ny 2 428 
Sand, which rose nearly 150 feet in pipe over night......... 9 437 
Sand with ‘streaks of cement rock...) .s5 a. 4.5 es eee 18 455 
Sand,tlayey towards ‘bottom (0.40279 shanna oe eee 38 493 
Heavy brownish clay, gravelly towards bottom.............. 14 507 
Clay. with Stones 7c +5, cep sintolc gus nn cine ate as wk ee 39 546 


Clay and: sand 05.) 00. £26 cies arses bee eo kt ee) oe ee, 36 582 


Water was struck at two horizons in the Chesapeake group, namely, 
below a rock stratum at 186 feet and in a bed of coarse sand at 422 feet; 
neither horizon was given a good test; the water in the 422-foot bed rose 
perhaps 21 feet above sea level. It is unfortunate that no note was taken 
of the quality or volume of this water; it might have yielded a good flow at 
a lower elevation. 

In 1907, H. E. Shimp began a well for the Old Dominion Brewing 
Co. at Newport News, but stopped work at a depth of about 500 feet. 
He did not keep a record of the section shown by the drill, and the samples 
he saved were lost before they could be examined by a geologist. 


Back River.—A deep well was sunk in 1886 at the site of a contemplated 
fish factory on the tip of the sand spit, known as North End Point, on the 
south side of the entrance to Back River, about 7 miles north-northeast of 
Fort Monroe. This well reached a depth of 1,172 feet; there the drill 
struck a very hard stratum, which the driller thought was granite; the drill 
rod broke and work was abandoned. The notable thing about this well is 
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that no water worthy of mention was found except in two beds of gravel, 
between 1,000 and 1,007 feet, in the Potomac group. Whether water in 
sufficient quantity might have been found by properly testing some of the 
sandy beds penetrated is uncertain. Darton has published the following 
record.® 

Record of well at North End Point. 


(Authority, C. C. Knox) 

















“ | Thickness | Depth 
See | (Feet) | (Feet) 
DV Hit emea ea eravels, oe ee ee Mey cee he eee as | 75 75 
UALS hae eur ya a a | 5 80 
MGDTES SOR aVA! oo a Bert SOWA Ion NE cc a | 20 100 
ER idutd vereromanngr and DUG CIAY:: .2 0c ose eke os ee ese +s | 30 130 
Ditieror Oravesandr aA, sGosa tase keels erat. SR RET | 25 155 
CUI TOT ete enti e ios. v4 sie th o/e ts ee a ieee un. Ce als | 10 165 
PSE) LA ORG Pg ei A cg an eo | 5 170 
MIOO ANY LL DOME Os tAy ts APNG vale ale. Uae seatel dy da Sa le. weeks 15 185 
IS STL oe, ain ah she kee ey aS alas + win isie «ob ly 12 187 
DM ERPeRPANIUCHUESNGE omic fay oh eters erie ee ka vey e deaest ea iGy. 249 
(POW A oy occu) Ace. Gane ae oe re | 1 250 
Blue clay ...... 0s. eee cece teeter ete eel 17 267 
PE En To. cody Re TERT ei ee 1 268 
behets Cr meGi! oo bie ae Raecet | CARS Dee oy ae 7 275 
TAIOIIe VNTR IRE CIIIIISINAL OIA VOTS iol. 5 oe hes ak ed ee yale oe 3 Ee 55 530 
Le tO La rere are tae Sistem oi ead pel vet ode abt a vie alerts 70 600 
CCH Bin) MEME re a, oo Ai ee a Ea cle heck yee og e's 18 618 
RR OTe eee errs are Pe my See ee ak enw erg dias ele e's 2 §20 
NEE eK MM Ce  eeheg ) fe pee eRe edie duende nee wrest 5 625 
Re Oe LN ee Ines i'o. vie Wages Kens tgs ee ee ee aes 1 626 
Sate ee IP PTR OC ree nie cle doce isl hoe See cee i eee ER es 29 695 
Creve ECC A Veer Sori fais ony dca ’s cake Ve aes 8 Gee Oe es 1 696 
MUM CeO MA VOLES OLLIE CLAY sec 4.0 nce engine nae wen ee ees 4 740 
a OR OOS” 0 od apne SUZ er are na re ee | 8 748 
eer tee Kh Geel VaR MEG MAN GS hs cles pains wie Soles whe ahs Ces oe ee 165 913 
Raa CL Va Mae ire fohiiyle ch cpaife acre li shal. Shuacs * Serie, x Us 5 5.9" 7 920 
REVEL Get aN CIE Pe Rt Oe a hia eee ceca, 6 6 a -Sc_8.dfertre, Vive BW dece 6 926 
SMCS LOIN ee eee SAAT SENT oe o ace be eed We ow es 3 939 
PLT UM eR meme MR Rr i SNK fete alg! Gl oie «i's Boosie wi stale wis G's © 16 955 
Boat eae WLC Ms OS OT VOLS on ay. <9 yn hoes s ape aie ee waders des 18 973 
ELLE CO LOE a top Wc aaa sine ls oe ne eae +b yig eg 6 eee els 27 1000 
Sandstone with two veins of gravel and some water......... 7 1007 
Alternate layers of sand and sandstone 3 to 4 feet thick..... 8 1015 
Alternate layers of sand and sandstone 3 to 15 feet thick..... 65 1080 
OE VETIA OG Carat eee Ps yale st wis we edie wheal. 6. ¢0leie a © hye 80 1100 
Be OG) Ue eee ns ali see ane Rind Hoe S950 + dle 4 58 155 1155 
iP Tater Thatel eu. c 4 [Sth Sec aici aha RL Aare ence Pg 5 1160 
ET Bo UG LON CMMn rm Meee EER Leora. acale ox) caw's gh oh Pate di She abn 9 8 10 1170 
Hardest kind of stone or granite; here drill rods broke and 
VT MW OB COOOL Mn ame ess ir Geeta eels civ eels SN vas ai a sea ove 5 2 1172 





aDarton, N. H., Artesian Well Prospects in the Atlantic Coastal Plain, U. S. 
Geol. Survey, Bull. 138, pp. 171-172. 
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Another attempt to get water on North End Point was made in 1896. 
R. H. Milligan, the driller, used a hollow-rod, jet outfit and had little 
difficulty in sinking a 3-inch hole 1,035 feet. No water that would flow 
at surface was found, but in conversation with the writer Mr. Milligan 
has stated that he thinks, in the light of his experience with deep wells at 
other points near the shore of Chesapeake Bay, that there are at the 
mouth of Back River deep-lying sands which will yield flows to a well 
sunk with regard to the local conditions. Though this is not impossible, 
the writer is inclined to regard the prospects for obtaining a good flow of 
potable water from depths below 500 feet at North End Point as distinctly 
unfavorable. 


Hotel Chamberlain.—After the unsuccessful attempt in 1864-69 no 
further efforts to get artesian water in the vicinity of Fort Monroe appear 
to have been made until 1896, when a well was sunk at the Hotel Chamber- 
lain. ‘The well started at an elevation of 4 feet above high water, on 
made ground near the sea wall in the rear of the hotel, and reached a 
depth of 945 feet. 

The following record of the well compiled from a study of the borings 
and notes furnished by the contractor and his foreman has been published. 





aWoolman, Lewis, Artesian Wells, Geol. Survey, N. J., Ann. Rept. 1898, pp. 
122-125. 
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Record of artesian well at Chamberlain Hotel, Old Point Comfort. 


Thickness | Depth 








Material (Feet ) (Feet) 
PL Re FOR sy shan dae ew TN wo eS be aside 10 10 
Sande wit minute iragments of shells rg. dt .eeisiatte sie cs 20 30 
Dark gray sand, spines of sea urchins plentiful.............. 10 40 
PIP TeRLUeEE POE Wt eo rs. Cr re eres Pee ee Tee eee oe ee sles s 10 50 
Bandy rcinvawitne Miocene Shells cic Mec aby coe didais assess - 10 60 
Ree rd EL EUs ails yA jes dis ol cls 6 ei06 1e ogc oon =e Gyte's a yes 30 90 
Handy AB vaWwILO Miocene sells. 25. Se. oe ona es 10 100 
fereenraoanoy. claves Jew shells... cjstiikigiewsatawhs dnsele sles os 20 120 
Greenish sandy clay, with shells in great number........... 10 130 
Fine dark gray sand, sea urchins spines abundant........... 30 160 
Dareeurownicesundy clay, “with Shells... cee es hee cet 20 180 
Dark greenish clay (marine shells, Miocene age, at 190, 200, 
eee Ns as cree ble, g'a2 Sin, 415 Sieiadicmoe tumccenes oor Bo tse 100 280 
Dark greenish clay, more sandy, but without shells..... a: 60 340 
Dark greenish clay, not so sandy, still without shells....... 190 530 
Pareavunen-creen diatomaceous clay: ial ol. V2.8) eis ee 30 560 
Direc ta Venom CIA LOTMACEOIS © f 32,016 4 5) ices cial sfdw iia oo x dm de 30 590 
Pa eee eUreaneyy CLAYS 22s Soe yds ey a Oo aa hc ea 20 610 
Greenish clayey sand, with a large admixture of greensand 
Prat wan eoMmG TOTaMmileras 22.) 05 262 ds ieee ods ee a8 50 660 
Greenish sandy clay with green sand and foraminifera....... 50 710 
ra an eel VA Wena y 23) Re Dugas Soane Sie ae de 710 S00 
Gray sand, mixture of greensand grains and pure quartz 
Bee er Ne RTL enue viele ds 6 olcldceaa ys cate ale 20 820 
Brownish clayey sand, also contains a mixture of greensand 
CSE! UL So ORES) of ofl gti en en gear grr Gee cee 20 840 
Caleareous rock crust and pebble conglomerate with some wood 
PETURE WO LSE Ge 5 cir ore fm. a2 4) ee ea PE op hahs eee tah OS, ot Anke cee) 10 850 
Da Mee eMC DR COOUS CLUE cen up ocala ates « nib icmedineie ny “oniidiny \ om 55 905 
PEERS SS gu Sema Saal AIR ee a Ee A anole Pee a ne to 920 
ee eed ENN UK CATLIN oy re .4's wile Biaiw shady U8, old tye. no Holadantot 25 945 


The well gives a rather small flow, inasmuch as the inner casing is 4 
inches in diameter, of the saltest and most mineralized water yielded by 
any flowing well in the Norfolk-Newport News area. Though the log makes 
no mention of water above 945 feet, it is likely that several sandy beds were 
penetrated which contained water under insufficient head to flow at sur- 
face. The driller gave the estimated yield as 50 gallons per minute” and the 
head as over 17 feet above surface or about 22 feet above sea level. In 
1906, according to the engineer of the hotel power plant, the flow, at 
surface, was “a 34-inch pipe full” and the head was 14 feet above tide. 
The flow at 5 feet elevation is certainly not over 25 gallons per minute. 
The water has so much mineral matter in solution that it is not used 
except for flushing; it is too salty for drinking or for boiler use and is so 


aDarton, N. H., U. S. Geol. Survey, Folio No. 80, 1902. 
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iron-bearing that, though perfectly clear when fresh from the well, it soon 
becomes turbid and deposits much ferric hydrate. Hence it is unsuitable 
for bathing or for laundry use. 

The following analysis made in March, 1906, shows that though highly 
mineralized, the flow resembles the excellent water from artesian wells to 
the west in containing much soda and comparatively little lime or mag- 
nesia, in proportion to the total solids. Much of the increased mineraliza- 
tion is probably in the form of common salt, sulphates of soda, potash, 
lime, and magnesia, and iron compounds. 


Analysts of water from 945-foot well at Hotel Chamberlain, Fort Monroe. 
(W. H. Taylor, analyst.) 


Parts per 1,000,000 


Total So] is ssc Ss se iiey ake fae Gs ea RS oe eee ei fee 9248 
Siliiea,: (S108) 4c siv beh ca seas comes Sow te sl ease tn a hs tn eee een 14 
LA lumina © UALS es oa als oe a heteiete ge ot eee: ec ne a eee 23 
Tron. (26) (io ck adeeiatarteinhie Oo ee as ee ee ee eee 16 
Galeium (Ga): occa exes Gn Sty ee keke ep Dee ee a me 97 
Magnesite (Mg) ©5505 Sines aistaterdon sake oharnyer ot apeeince ten tate nich a tetas ee een 44 
Sodium Na.) 5 ears bed we 3268 
Potassium | (IC) cs iiac: wn ccesrscs.e Iopcace abeel cle i eee eens ase 87 
Lithtame (Ta! 6 vs acs @ eo cit aca me sian te Rompe Suet cee neice ee ee trace 
Bicarbonate. radicle -(HGO3) sau aeons ee bende ele ee 433 
Sulphate wadiclen{ SO”) ei. is cee se Ca Gane ce ee pe 265 
Chlorine: { C1) ig ieinw caches a hasascraedes aseeate ere ed oe oe 4978 


The following sanitary analysis, also made in March 1906, shows some 
additional characteristics of this water: 


Sanitary analysis of water from 945-foot well at Hotel Chamberlain. 


(Penniman and Brown, analysts.) 


Parts per 1,000,000 


Total’ solids (ati 200° Ps Pe Re a eee ie eet odes 9145. 
Volatile solids ..... i et ee Cie ae Sn, hg ea ae eee 188. 
Ghioritie: 35.2 vy P24 eee sts OTL coin aetna cod aera eet es 4940. 
Nitrogen ‘as “free; AMMONIA) .. ifs pee shel Spe sees pee tees wee inten 1.50 
Nitrogen as albumenoid,;ammonia, 32... ene ee ee eis 0.16 
NIET ATOR ic sis eek eae ae ce cea eee aie Ea ete ee trace 
Nitrites wif t>.. 2aeass RS GE Sah eee ke ae none 


DEEP WELLS SOUTH OF JAMES RIVER 


General statement.—In that part of the Norfolk-Newport News area 
south of James River and Hampton Roads, at least six wells over 200 feet 
deep have been sunk, but detailed records of only two are available. 
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However, the results of the borings are sufficient to determine the pros- 
pects for getting potable artesian water from deeply buried beds. As will 
be seen, though no waters are known to have been found as highly miner- 
alized as the flows tapped by the borings near Fort Monroe, particularly 
the Hotel Chamberlain well, the flows all contain large amounts of solids 
in solution, are not what would ordinarily be called good potable water, 
and are not suited for boiler supply. 

Virginia Beach.—One of the earlier borings for deep water in the 
southern part of the area under discussion was made in the winter of 
1888-1889 at the Princess Anne Hotel at Virginia Beach. The elevation 
of the surface was possibly 7 feet. According to F. O. Clebourne, who 
was at the time in the employ of the company that had the work done, 
the well was sunk 600 feet and found no water below 73 feet. No record 
of the beds penetrated was kept, nor is any information available to show 
whether possible water-bearing beds were properly tested, but it is probable 
that no bed which would have yielded a flow was penetrated. 

Masons Creek.—George S. Bunting states that in 1890, using a hand 
rig, he drilled a 114-inch well 575 feet deep near Masons Creek, a short 
distance west of the present post-office of Rixton. Mr. Bunting kept no 
record but remembers that he cased the well to 260 feet and drilled from 
there to the bottom without casing. At some point below 260 feet, he 
struck a weak stream which did not give a flow though the elevation of 
the surface is not over 10 feet. A bed of shells was struck at 200 feet and 
shell beds or hard layers were struck at 160, 252, and 500 feet, but poop 
260 to 575 feet nearly all the material was ae) bluish sana. 

Money Point.—South of Norfolk, on Elizabeth River, at Money Point, 
two deep wells were bored, but no record of either seems to have been 
preserved. One well has been long abandoned; the other, 562 feet deep, 
is said to flow 30 gallons per minute of brackish irony water at an eleva- 
tion of 5 feet above tide. The flow is not suited for boiler use but is 
reported to be drunk as a mineral water by some people in the vicinity 
of the well. 

Lambert Point.—In 1891 a well was completed near the pier at the 
Norfolk and Western Railroad terminal on Lambert Point, north of 
Norfolk. The well, which is close to the shore and was drilled for boiler 
supply, reached a reported depth of 616 feet. It struck a strong flow, 65 
gallons per minute, at 610 feet in a coarse micaceous sand; and a weak 
flow, about 1 gallon per minute, at 603 feet in another sand bed. The 
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driller kept a record and saved samples. Records compiled from an 
examination of the samples have been published by Darton® and by Wool- 
man.2 The following log is given in slightly different form. 


Log of well on Lambert Point. 


Thickness | Depth 








Material . (Feet) (Feet) 
Slightly yellowish sand, shell fragments.................... iy 17 
Bluish, elay, shell fragments (oS ops sic tik eet ete 27 44 
Gray, fine micaceous sand, shell fragments.................. 139 183 
Greenish eray; sandytclay ili uiss. .b2 seri Gt eee eee 8 191 
Gray micaceons sands’ ach as pr see eo ea 28 es Se 42 233 
Greenish gray fine sand and clay; tough when dry (fossil 
shellalyovs wif. Cui eee. VERO sees alae sae ee ee eer 31 264 
Gray: or binish ‘clay, &/455 531+ cas cee oe EB sce ote i ee 22 286 
Gray or bluish fine sand, shell fragments................... 69 355 
Gray: or bhiish jelay J: (eGiiel 20. oie ee Sie ee ee 22 377 
Gray; fine sand),‘shell fragments .... 0... os 22+ hats ee eee eee 20 397 
Dark’ pray or bluish’ clay focn . cas kes ni ae © ee eee 10 407 
Gray moderately coarse sand, some glauconite..............-. 19 | 526 
Small gravel; shell tragpmentesi’...c shee «4 oo a se eee 8 534 


Gray or bluish olay 039 Uae. ae Se De bc vee See 563 


3 

Rock, shell fragmenta. lef. snes se + ecssiny eis om spew 4 fee eee 1 564 
Dark hard fine micaceous sandy clay, well laminated........ 4 568 
Rocky strata with thin layers of clay and shell fragments..... 35 603 
Small gravel in gray sand, shell fragments, water........... | 3 606 
Rock, shell? fragmenta 2 oc). cof cate ae 9 os ince 2s nn 4 610 
Gray, fine to moderately coarse micaceous sand, oyster shells 6 616 





In the Norfolk folio of the U. 8S. Geological Survey Darton gives a 
list of shells and diatoms found in the borings. These show the water- 
bearing sand to be of Upper Cretaceous (Matawan) age. 

The flow from the 610-foot sand was, when tested in 1898, 65 gallons per 
minute through the 6-inch casing at an elevation of 7 feet above surface, 
or 15 feet above mean high tide; the head was about 30 feet above sea 
level. ‘Tests in 1906 showed that the well was yielding 51 gallons per 
minute. The temperature of the flow is 72° F. 

The water is drunk by some employees at the terminal and by many 
people in the vicinity, but while it undoubtedly has medicinal value it is 
rather too mineralized for steady drinking. The prime reason for classing 
the well as unsuccessful, however, is that the railroad company has made 
little use of it except for washing cars and cleaning up around the piers. 
In a boiler the water foams badly and rapidly corrodes stay bolts. It 


aDarton, N. H., Op. cit. p. 172. 
bWoolman, Lewis, Ann, Rept. N. J. Geol. Survey, 1899, pp. 87-92. 
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probably contains considerable common salt and bicarbonate of soda 
(though no bicarbonates are reported) and some sulphate of soda. It 
contains very little lime. ‘The following analysis was made in 1891: 


Analysis of water from 616-foot well of Norfolk and Western Railroad, 
Lambert Point. 
(C. W. Shepard, analyst. ) 








Parts per 1,000,000 


SL MESON ele ce eee, NT leh bLe Sa NG PAG AG Se Bane « 1093. 
slo ren, TESTLIGES" Daa ete cee gt Nee ea ane gr ea 2 ei 10. 
Cxines om iron and alumina. (FeO, -:AlL Oi wo. oh & owes 2 0.91 
RUE OE ELLE E LM te Ne cree ar Soak, MS dl Gd ai nc HEI a Eras dat: eleagyst Leeds 002 5.0 
eel VEC ORD one ea chare wall Beek ee thg TEE SIE « OE sceune oitie foals O08 ef 
SCRIP LTTE Dba ee a ek POR Sie ars aah cfs PR ls seth he oboe gas 415. 
cee P52 ast Naira ke cl i nay, BE, es J ac igun ca phoenb Bat Saabs 21. 
SCE OIOROR (IS, Jit ees oie cr ae Pie ean ol. Wein rite pt arhahs spay < 43. 
BETO tlG a Ue hres Sg ee ae ela Gettetn ka EE Wee oie Zab 
REM EEURCIE 02D MMAR Rp cl a lah ah a Bees bi cteviatler = wiped obo ucyy eowmacign. 6 oes aol. 


Whether better water could have been had by deeper drilling is doubt- 
ful. It is barely possible that water a little less mineralized might have 
been found above 1,000 feet; below that depth, judging from the results 
of other borings, it is likely that the water obtained would have been more 
saline. 

Moore’s Bridges.—A well was sunk at Moore’s Bridges, 5 miles north- 
east of Norfolk near Diamond Springs post-office, by the Norfolk City 
Water Department in 1890, to a depth of 730 feet; it found salty water. 
The next and the most important well in the southern part of the Norfolk- 
Newport News area was sunk in 1896-98 at Moore’s Bridges, to test all 
the water-bearing sands found down to bed rock. A standard cable rig 
was used. Partly on account of the rig, work progressed slowly, and 
operations were finally abandoned at 1,760 feet below surface, elevation 
about 8 feet above sea level. 

The following log has been slightly changed from the form in which 
it was published by Woolman®. References to the microscopic organisms 
noted by Woolman are omitted. 


bWoolman, Lewis, Ann. Rept. N. J. Geol. Survey, 1899, pp. 92-102. 
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Record of Norfolk City Well near Waterway. 


Thickness | Depth 


Beas (Feet) | (Feet) 
Light bull sandy loanic ts 2 cetyo gent totes a ec ets 3 5 
Fine light ‘sand \i¥ss5. Zits cea Oe eee oe act ntaes eee eee 13 18 
Sand, water:bearing i cie6 sins 5 ahr ee aes ee ee 3 21 
Bluish’ clay, ‘fossiliferous 0 s005 see oe aoe 6 nels eo en ee 44 65 
Bluish clay, not fossiliferous; small streak of gravel at 80 feet 20 85 
Gray clayey sand and gravel; scallop shell (Miocene), at 105 
Fea bs a. ve seeath Soee e Sic ae ete oat va ae es Wet se ge hs anne a lb 20 105 


Gray clayey sand, fossiliferous and containing rather large 
white quartz pebbles at 110 to 115 feet. Rangia cuneata 


shell cat:125 . feet\.' fat vt. e ve cy ee etc pol en ee 20 125 
Gray clayey sand, with comminuted shell................... 40 165 
Fine bluish clay, scallop shell (Miocene) at 185 feet......... 85 250 
Gray clay, with much sand; full of shells about 5 inches 

lonp; ‘boring shad ‘to: be cased <4... are ee eee 10 260 
Dark greenish sandy *elayaias shiek ohne ae ee ee 25 285 
Soft clay twhichsran into boring... is. 0x5 ae wie se eee ee 20 305 
Greenishioray clays oi Ati oe iets ne eis hare ee ee eee 5 310 
Gray sandy clay, very sandy clay had to be cased off, 310- 

EAU (-1:) 1 Daeg Mee Lei pate | UP eR ol AN chy eh top. it) hey at 65 375 
light fine Jlessssandy iclaycpis a). represen ee eee 70 445 
Light gray fine clay, comminuted shell at 465-475 feet....... 135 580 
Slightly lighter, fine clay, called “brown mud” by driller..... 45 625 
Green sand marl (glauconite) mixed with white quartz sand. . 10 635 
Darks greenish: clay. sists i) ihe Vili) Repeal tots Gee ee re 30 665 
Dark’‘stieky, hardvclay) 0 tac, waitress Sey ee ee 20 685 
Gray sticky hard clay, with glauconite described by driller 

s.“sand praveland*marli iy iGekiewess hoes «oem eee 20 705 
Lighter gray sticky fine clay; much comminuted shell at 

TB feett ooh, A Vy Piers tl brunt es Seis Licata ernie eens 23 728 
Gray -sand, small flow/of salty, water ...74).s46 sean ree ee 2 730 
Soft sandy clay, with much comminuted shell............... 5 735 
Small gravel (and clay), flow of salty water................ 10 745 
Very sandy greenish clay, micaceous sand, fossil shell Upper 

Cretaceous at 755 feet to 765 feet; water at 740 to 750 feet 20 765 
Gray micaceous sand with a little glauconite; flow of water 

at 780 to 783 feeta Upper Cretaceous shell................ 18 783 
White, ‘very (light gray, BtiCKY GIAY ¢..cu sy ci ee ee we 2 785 


Gray quartzose sand, some mica, no glauconite; slightly 
salty water, flow 35 gallons per minute at surface, 786 to 


BOB) LOO 24 3 hig sue chen» Soxtnisla aoe Back ee ek oe Oe ar a 30 .815 
Decidedly darker gray sand, no glauconite................. 20 835 
Lighter gray ssatid sf.0 ge, ais 9% Sa. wie bls as pede Pee ene 35 870 
Gray Very Bandy, C18 iis tons aelatlad so 6-2 nus oe ee rae oe 20 890 
Black sticky mud {novsample) 7G. i -tha. 5 ae cee tee & 8 898 


Clayey sands or alterations of gray sands and clays, sands 
micaceous; lignite at 925 and 965 feet, quartz pebbles at 
925-935 feet ; slightly salt water; flow 15 gallons per minute 
at 950 feet; 10 gallons per minute at 975 to 980 feet; 15 
gallons.per minute ‘at 955 e¢t.o.5 «buses e > sie we 93 991 


aAll sands between 750 and 783 feet are said to have flowed into the well. 
This indicates the sands were loose, but not, as Woolman suggests, strongly water- 
bearing. 
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Record of Norfolk City Well near Waterway—(Continued). 


Material 


Slightly yellowish (greenish wher fresh) sandy clay........ 
Gray sands, some micaceous, pebbles at 1,060-1,070 feet: flows 
of salt water, 25 gallons at 1,038 feet; 150 gallons at 1,070 
MG RMS eRe RI 18 02 30d Jibs Ve wien ars alee bie ah aloihe ».edi\s wes 
Gray sands, clayey and micaeous above 1,100 feet ........... 
Darker gray fine to coarse sands, heavy pebbles at 1,130 feet; 
coarse gray sand lignite at 1,160 feet; heavy pebbles and 
water at 1,190 feet, yield of water by bailing 350,000 gallons 
per 24 hours; said to have been fresh at first, afterwards 
hb EEE SIP) oa soft Ole Bly Bate ah-atetouer cbse win bs Ste Vidi Wa old 
Reddish and reddish yellow or buff clays and clayey sands, 
Denvympenuiee ace 1.210 sfeek. on aieites ode cals aids dns ee eens 
Dark fine clay and micaceous sand (?) called “black marl” by 
driller but not a greensand (glauconite) marl; lignite at 
POLE MT ee cc sa ec Aba 20d, o Weis ald oy d # Fredy OW'enw < dawy ess 
Slightly yellowish-olive somewhat micaceous sand; “some 
ir Ce MR Sg 1g ala Lol goes: kia tape 816s Ls: ¥ Bi ai'y i+ ww lal evar by e's Soda! ahs 
Bere id COMET LRUPO TICE SALVO) hors foc idhe ln ssi6 a jerk ake Be irae jeigaue ye faite fe'seye Pet 
Reddish yellow and gray clays and sandy clays called “red 
marl,’ but not glauconite; fossil shell (Upper Cretaceous) 
Bente OURO ILA LOL COU ais, ca Giitard wo eis ow ol aim ale «tela lete) ids 
Alternations of sands (micaceous 1,320-1,340 feet; not micaceous 
below) and clayey sands varying from white or light gray 
to yellowish in color; heavy pebbles at 1,470-1,480 feet and 
1,540-1,570 feet. Clay beds (no samples), 1,356-1,358 feet; 
1,400 to 1,410 feet; 1,557-1,560 feet; 1,568-1,571 feet; lignite 
at 1,500 feet; salt water, good flow at 1,480 feet; flows at 
Pee ene ats LOD OCG. 5 << ack sakes side lasle's's gies wis 9 ee 
Demme romti ver vVATLCCA LCG CLAY le: yes cae ete « slates) eee plot am 
Reddish or slightly reddish coarse sands and clayey sands; 
beds of clay (no samples) probably not glauconitic but 
bluish when wet, at 1,640-1,647 feet; 1,650-1,654 feet; 1,677- 
MOREE SAME Me PMN AIDE eet Ski) Ae te. Lalit tp eh wav atahe ast stabs wie AAS avaiainns & 
Dark coarse very sandy clay, ‘slightly variegated with red, 
similar to that from 1,580-1,600 feet, but more sandy; 
probably dark clay beds at 1,683-1,685 feet and 1,693- 
PN Mn aL MEP ae TCS Pein hie. 4 kote Pttawiecd & 6 -sc0 ele citrus 
Pee ete IBRD CLAY, te etl ch Men eild vhs viata, ard ele ayes ee he alg 
Loose sand which ran up 150 feet in casing; evidently water- 
EE ICES CSTE TO] Cl Ai ar ea en ne ae ah a 





Thickness 
(Feet) 


42 
45 


32 


30 


40 


bo 
Our 


[sw] 
Or O 


250 
20 


20 





Depth 
(Feet) 


1,033 





1,078 
1,120 


— 


1,330 


1,580 
1,600 


1,680 


Darton” states that water beds were found at 783, 805, 950, 975, 984, 
1,038, 1,072, 1,190, 1,220, 1,227, and 1,480 feet, and at the bottom, which 
yielded from 10 to 150 gallons per minute under the pump. One or two 
of the beds may have given more but no flow of fresh water was struck. 
The water from the 1,190-foot bed did not quite overflow; at 1,220, 1,227, 
and several points below small volumes of salt water were found, and at 


aDarton, N. H., Geologic Atlas of United States, Norfolk Folio, No. 80, p. 4. 
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1,480 feet a large volume of very salt water. 'T'welve-inch casing was used 
to 778 feet, 10-inch to 1,208 feet, 8-inch to 1,539 feet, 6-inch to 1,730 feet, 
and 414-inch to 1,750 feet. 

The well was dynamited at 1,072 feet and possibly at other points, and 
nothing definite is known of the source of the present flow. It is supposed 
to come from about 680 feet but the temperature indicates a greater 
depth. The yield amounts to 75 gallons per minute through a 41-inch 
pipe, the well mouth being 11 feet above tide. The flow, said to have a 
head of 20 feet, has a temperature of 76° and a decided sulphur odor, 
is saline and contains sodium bicarbonate as shown by the following field 
assay made by the writer in November, 1906. 


Field assay of water from deep well at Norfolk City pumping station. 


Parts per 1,000,000 


Tron (Pe) - 0 sarc ee eet £ Rh Rae ee ae Oe eek ee, Ce ee trace 
Caleium (Ca) (Oat Sree ss Cite. octane eee little 
Chiorine (Cl) |... Vigyieid.. 2eeset Fes sey ee 2 cen ee ee 1,000. 
Bicarbonate radicle.{CO,) W. .cGeanGh bo alee eee er oe 620. 
Sulphates, ‘as SOj oO S209 RMR TAS eas ie anton a eee ea 110. 
Total hardness, ‘na vCal, ty. sia o sees | sek ee eee ee ce iad 


A sample collected in November, 1904, and analyzed by Dr. Sheperd, 
city bacteriologist of Norfolk, contained 920 parts of chlorine per 1,000,000. 

Had the well been sunk deeper, even to bed rock, the probabilities are 
that all water found would have been more saline than that struck at 
1,072 feet. In fact salinity apparently increased with depth. The sodium 
chloride content for three flows, from partial analyses made while drilling 
was in progress, as given by Darton in the Norfolk folio of the Geologic 
Atlas of the United States, compare thus: 


Sodium chloride and total solids in deep waters from Norfolk City well. 


(Henry Froehling, analyst) 
Parts per 1,000,000 


Flow | Total mineral matter | Sodium chloride 
730 feet 2,578 | 1,926 
1,038 “ 3,345 | 2,723 
1,070 “ 3,652 | 2830 


In 1906 the flow ran into the clear water basin at the pumping station. 
There is of course not the slightest possibility of the well water being 
polluted. 
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COMPARISON OF RECORDS. 


The scanty observations recorded by some drillers and the varying terms 
used in describing what were probably similar deposits makes correlation 
of the well records difficult. Samples saved from the wells at Fort Monroe, 
Moore’s Bridges and Lambert Point were examined by Woolman and by 
Darton and the records prepared by them were based largely on the samples. 
The best series were from the Hotel Chamberlain and Norfolk City wells. 
In all except the Norfolk City well water-bearing beds may have been 
passed which were not noted by the driller. 

A comparison of the records shows that the Chesapeake group in the 
Norfolk-Newport News area, considering its thickness, is very poor in 
water-bearing beds. There is one midway in it at the last well at Fort 
Monroe, one at the base in the old well, and one near the base at the 
Money Point well. The Pamunkey is thin and unimportant. Water was 
found near the top in the last Fort Monroe well and probably at Newport 
News. Upper Cretaceous beds proved prolific water carriers at the Hotel 
Chamberlain, Fort Monroe (1902), Lambert Point, and the Norfolk City 
wells. The Potomac group at Fort Monroe was fully 900 feet thick, and 
contained many water beds. 

The least mineralized water found below 200 feet by any well is the 
Lambert Point flow, which according to the 1891 analysis contained 1,091 
parts per million of total solids of which 518 parts per million, according 
to a hypothetical combination given by the analyst, were sodium chloride. 
In comparison, the 738-foot flow of the Norfolk City well, which is presum- 
ably from the same group of beds though not necessarily from the same 
horizon, contained 1,923 parts per million of sodium chloride. Here is a 
decided increase of salinity in a distance of 10 miles eastward, a fact in 
harmony with the general increase of mineralization of deep waters toward 
the ocean, elsewhere noted. The Lambert Point well is the farthest west 
of the wells in the Norfolk-Newport News area south of James Itiver, its 
water is least mineralized and comes from the Upper Cretaceous at a depth 
of only 616 feet. These details are important. 

The results obtained from the work here noticed indicate that it is 
altogether probable that waters found between 500 and 700 feet at New- 
port News will be less saline than those from beds of corresponding age 
at Fort Monroe and in character will approach the Lambert Point flow. 
North of James River the best chances for finding flows of potable artesian 
water near Newport News are at elevations less than 20 feet and at points 
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west of a north and south line running through that city; eastward, 
probabilities rapidly become unfavorable and in the eastern part of Hlizabeth 
City County deep drilling will probably prove a waste of time and money. 

South of James River the best prospects are west of a north-north- 
west line through Lambert Point with diminishing chances of success 
eastward. In Princess Anne County efforts to get good water by deep 
boring will, in all probability, be of no avail, and within the city limits 
of Norfolk there are small chances of getting water better than the Lambert 
Point flow at depths below 500 feet. 


CAUSES OF MINERALIZATION. 


The Norfolk-Newport News area, as previously stated, is not ex- 
ceptional in the character of its deep waters. In fact it forms pari 
of a much larger area which may include the whole Hastern Shore 
of Virginia and certainly extends south and east into northeastern North 
Carolina. The possible causes of the high mineralization, saltness, 
and other characteristics of the deep waters of this large area will not be 
- discussed here. It is enough to say that the saltness is not due to sea 
waters included in the beds when first deposited, since the flows do not 
resemble sea water in composition, and there are salt flows from Potomac 
formations, which are not marine. The increased mineralization probably 
results from. several causes. One is difficult circulation due to the 
decreased permeability of the water beds down the dip; for horizons which 
yield bountiful flows farther west are not water-bearing in this area and 
at some localities, as at Back River, water-bearing beds seem to be lacking 
through 1,000 feet of strata. At the same time, since coarse sands yielding 
free flows, under good heads, of water too saline for boiler use have been 
encountered, the texture of the beds can not be the sole factor. Besides 
increased fineness of sediments, or pinching out of water beds locally or to 
seaward (causing slow circulation and ponded water), the more effective 
factors have been long confinement under pressure and, particularly, the 
invasion of salt water from up the dip in times when the coast was 
depressed below its present level. Corresponding beds to the west have 
been more flushed by downward percolating rain water since the last 
elevation, hence now contain relatively fresh water. 


FRESHENING OF DEEP WATER. 


That wells which yield saline water may, by heavy pumping or unre- 
stricted flow, come to yield fresh water is a possibility that has attracted 
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the attention of geologists. Instances of freshening have been reported 
but whether or not the improvement was due to the replacement of the 
contained salt water in the water bed by fresh water from up the dip can 
not always be determined from the evidence available. Fuller® noted some 
instances of a change from salt to fresh water in wells near the mouth of 
Cape Fear River, N. C., and concluded that the freshening represents such 
a replacement. 

In objection to this view it may be said that a well might penetrate a 
bed containing salt water and one containing fresh. In such a well the 
yield of the water beds, the heads of the water they contain, the tightness 
of the well casing, and the possible clogging of the well at one horizon 
by sand, are factors that would determine the quality of the water obtained. 

Permanent freshening with no marked decrease in flow has not been 
observed, so far as known at any well in the Norfolk area, but it is possible 
that there has been a very slight decrease in the mineralization of the 
water from the Lambert Point well, though analyses extending over a 
period of 18 years, during which time the well has flowed without restraint, 
show little betterment. A marked decrease in mineralization and in 
volume of flow was noted in June, 1909, but after the flow was restored 
by cleaning out the well its quality was substantially the same as before. 
The important determinations, total solids and chlorine, are given below: 


Variations in mineralization of water from Lambert Point well. 
(Parts per 1,000,000.) 








Date Total solids| Chlorine 
en DRE a a ee ere Te Oy coe phar ai oa Wie W 5-0 1,091 350 
PASE MECN On aaa gel g eed win co's Mle wi alow oid ga Bie Biete's 1,421 290 
Ee re LILGae LE fatete cura ees sete gota ach oF Oo wha ely occas 4 86 25 
BTA LES VNR ae eae Nice oan SURI aspen say4. Sid enna 48" 1,128 290 


The freshening of the water in June, 1909, was evidently due to the 
main flow being cut off or greatly reduced by sand; the quality of the 
water as shown by the analysis dated June 1%, given in table 10, is 
not at all lke that of any deep well in the Norfolk-Newport News 
area, but resembles that from wells less than 200 feet deep. ‘There was 
evidently no detectable change in chlorine content between 1906 and 1909; 
the indicated change between 1891 and 1906 rests on a single analysis, 
and is not large enough to be entitled to much consideration. Making 


aFuller, M. L., Instances of Improvement of Water in Wells, U. S. Geol. Survey, 
Water Supply Paper, 160, pp. 96-99. 
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allowances for differences in analytical methods and in statements of 
results by different chemists, the variation in chlorine content between 
1891 and 1909 is so small that one may fairly assume that it would not 
pay to drill a well to a known salt-water horizon in the Norfolk-Newport 
News area in the hope that by unrestricted flow the water would become 
fresh enough for boiler use. 

SUMMARY. 

(1). In the Norfolk-Newport News area the prospects for obtaining 
good boiler water by deep drilling are poor. | 

(2). The chances of obtaining such water improve west of Newport 
News and Elizabeth River. 

(3). Mineralization increases toward the east and with depth. 

(4). Better water is found above 1,000 feet than below. 

(5). The high mineralization of the deep waters has been caused by 
factors affecting a large extent of country. 

(6). <A flow of salty water may become fresher by allowing the water 
to run without hindrance, but in this area the decrease in salinity is too 
gradual to be worth consideration in determining the sinking of a deep 
well as a business venture. 


UNDERGROUND WATER SUPPLIES BY COUNTIES 


ACCOMAC COUNTY 


General description.—Accomac is the larger of the two counties covering 
the Virginia portion of what has long been known as the Eastern Shore, 
the peninsula between Chesapeake Bay and Atlantic Ocean. The county 
is about 45 miles long by 15 wide and has an area of 478 square miles. 
Although in 1900 but two counties in the state had a larger population per 
square mile, there was not within the county in that year a settlement with 
a population of over 1,000 people. The two incorporated towns, Onancock 
and Bellehaven, had populations of 938 and 331. 

The surface has slight relief and is monotonously level. Except in 
some small areas, elevations are below 25 feet, hence the surface is mostly 
part of the Talbot terrace.@ 

There are few fresh water streams of any size or even stream valleys. 
Along the ocean side and on many stretches of the bay side are wide expanses 
of salt marsh or land flooded at high spring tides. The ocean side is 
characterized by many off-shore sandy islands of the barrier beach type, 
of which Chincoteague is the most important. Back of these islands are 
shallow bays where miles of mud or sand flats lie bare at low tide. 

The surface soil, a light warm sandy loam, is in many places under- 
lain by from 2 to 6 feet of buff or hght-brown sandy clay and this in 
turn by a varying thickness of coarse white, gray, yellowish or occasionally 
brownish sand that contains scattered lenses of gravel and thin beds of 
light-colored clay with darker beds below. 


UNDERGROUND WATERS 


Distribution and quality—The Eastern Shore term for a water-bear- 
ing horizon is a spring, and drillers speak of the first, second, third, and 
fourth “springs” found at such and such depths; the “first spring” being 
at the water table. The fluctuations of the water table from rainfall are 
spoken of as the rise and fall of the “springs” and on Chincoteague Island 
one is told that “the water springs” (stands higher) in shallow wells after 
wet weather. The “first spring’ is in the yellow Columbia sands. As a 
rule, the second, third and fourth “springs” are in the beds that underlie 


aThe author believes that the terrace here termed the Talbot is in large part 
to be correlated with the Pamlico of North Carolina. 


118 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


the yellowish or reddish beds of the Columbia, though in places the second 
“spring” is the sand and gravel at the base of the light or bright-colored 
beds, separated from the first “spring” by clays or loams yielding little 
or no water to a driven well. 

The first “spring,” the water not being confined, affords no flowing 
wells, though shallow dug wells in hollows may be full to overflowing after 
prolonged rains. The “springs” below, the water being confined under 
relatively impervious beds of clay yield in many places flowing wells at low 
elevations. 

The quality of the underground water varies. Nearness to inlets 
from the sea or bay is an important factor in the quality of supphes. In 
general, the water from dug wells or from pumps driven to the first “spring” 
does not contain as much lime or magnesia as that from the second or 
third spring; it is also less alkaline. On the other hand, it is rather more 
likely to be iron-bearing. Probably the best water for general use comes 
from 50 feet or more below surface. Along the coast and on the islands 
many shallow wells yield brackish water and many are salted by unusually 
high tides. Wells 25 to 200 feet on small islands are more apt to yield 
brackish water than those on the mainland. 

Springs.—There are no true springs of commercial importance. In 
places water seeps from the creek banks at points where the water table 
curves down to the creek; such springs often disappear in dry weather. 
There are, however, springs of perennial flow and a few are used for house- 
hold supply. What is said to be the largest spring in the county flows 
from the foot of a bluff on the shore of Chincoteague Bay, 2 miles north 
of Sinnickson. Another spring at Drummonds Mill, near Grape post-office, 
was once of local repute because its iron-bearing waters were believed to 
have medicinal value. 

Wells.—The commonest type of well is a shallow hole dug to the “first 
spring.” The deepest dug wells are near Assawoman, where some go 40 
feet to water, but the depth of the average dug well in the county is about 
10 feet. Buckets with chain or rope, or windlass or pulley, lift the water 
from the well. Here and there are wells with the old-time sweep and 
bucket. The perishable nature of wood casing and the many sanitary 
objections to it have led to the introduction of tile, 20 to 24 inches in 
diameter. ‘The labor cost of digging a well varies according to the depth 
to water, but seldom exceeds $5. 

Driven wells or “pumps” as they are called, are easily sunk, much 
used, and give satisfaction. Wells to the “first spring” are often put 
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down by the owner, a piece of 14-inch or 2-inch pipe with a pointed cap 
being driven by a maul; if the clay subsoil is tough, a hole may be bored 
through it with an earth auger. Many wells over 20 feet deep are sunk by 
the jet process, as are nearly all wells over 50 feet deep. Most drillers use 
hand-power rigs, though the driller who has done the most work in the county 
has a small gasoline engine. Probably no county in Tidewater Virginia 
has more driven or drilled wells 50 to 100 feet deep. Their usual diameter 
is 1144 to 2 inches. For such wells hand-power pumps, either iron pitcher 
pumps, wood pumps, or force pumps, are generally employed, though many 
residences have wind mills. One driller in 1906 gave the following as his 
usual charges for putting down driven wells, or, as it is called, “cutting 


pumps.” 

: | BICGEr a DULIn Parra te fetes eC siete sees ss RNs Pave ee $8 

seooke ell AOC Ey FIITI ea, ate: di edie oe ema n Ao 9 Ya om py evcix 7d gh $12 

AP OORL TUT Pag tiered s heen aati cal Sika Adil on rs $20 

eu tpoby Well pe taite DUM otro Leet ee COPE Conran ete 2 $22 
50-foot wel] § WOOd PUMP .- +. eer eee eee ee eee ee eee $30 

LOTCE cP ay Sci Rene hag Bein BEN PEN ig. d Slecese $32 

POUT OOte elle Om DUMP ADOU bs oases ho eee aie te ck a gh ode wine a 2 $75 


This driller has sunk a 103-foot well and finished it with a pitcher 
pump for $50. It is usually understood that the owner will furnish free 
such extra labor as a driller may need. 


LOCAL SUPPLIES 


New Church.—At this village near the northern line of the county, dug 
or driven wells to the “first spring” average 12 to 15 feet deep. The 
water is generally hard. In some wells it is so iron-bearing that it 
is not fit for laundry use, while in others it contains little iron. The 
“second spring” from 30 to 35 feet, is also decidedly iron-bearing in 
most wells. The “third spring” has been developed by two wells, both of 
which yield excellent water. One of these, owned by J. E. Johnson, is 125 
feet deep and draws on water in a bed of shells in dark bluish sand; 
this water rises to within 4 feet of surface. An ordinary pitcher pump 
easily supplies 8 gallons per minute. The record of the beds penetrated 
is as follows: 
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Record of well of J. H. Johnson, near post-office at New Church. 
(Authority, I. B. Clark, driller.) 


Thickness | Depth 


pean (Feet) | (Feet) 
Soil: Gy S60 bleed TE FOS AS Aa teckel cai eee ages cra 1 1 
Pipe clay ((lightigray clay) oo cc ta 5 20 saves Gt tin Omen ee f 8 
Yellow sand, small pebbles and gravel with plenty of water 
of, poor. quality, first springy’ Such aa). te ae pone ie 6 14 
Blue rit (23's veut ae Calne aoe ee etee eee eka BNE eee Pee ee 30 44 
Sand,’ a little water} ‘second! spring 2.4 2. 2's. 2 wae ee ee 3 47 
Blue 5a oh es Witney der ahed ord © ceteey ede was SA ees eee ea 73 120 
Dark, bluish sand with small shells, excellent water, “third 
SPA ye?’ (UTE sl 2s CPL. aa TRE UE ake Yk ke ae loka a Te 5 125 


The owner has at his saw-mill nearby a well to the “second spring” 
which yields a fair boiler water, and a well to the “‘first spring” at his store. 
Results of field tests of samples from a 12-foot driven pump and the 135- 
foot well at J. E. Johnson’s store, and the 34-foot well at the mill, made by 
H. N. Parker, are given in table 7, to show how great are local variations 
in quality. 

The tank of the New York, Philadelphia & Norfolk Railroad is sup- 
plied by a pump drawing from eight 2-inch points driven 30 feet, or to 
the “second spring.” ‘These yield fairly good boiler water. 

Franklin City and Greenbackville—— These villages are on or near a 
strip of salt marsh bordering Chincoteague Bay. At Franklin City there 
are no dug wells as the town site is inundated at high tides. Pumps to 
the “‘first spring” yield brackish water. Fairly good water, which rises to 
mean high tide level, is obtained by driving 30 to 70 feet. 

At Greenbackville, where fresh water is found at 6 feet and even less, 
pumps are driven 10 to 45 feet and obtain water of varying quality. 
That from some wells is high in iron, lime, and chlorine; that from others 
is less mineralized. The water tank of the New York, Philadelphia & 
Norfolk Railroad is supplied by three driven wells 25 feet in depth, which 
are said to yield a sufficient supply of satisfactory boiler water. At a can- 
ning factory nearby, water is obtained by wells driven 15 feet. One well 
was driven 80 feet but obtained no water below 50 feet. In the thickly 
settled portion of the village the “first spring” at 5 to 15 feet, supplies 
most pumps, but is regarded by local physicians with suspicion on account 
of possible pollution from stables and privies; much of the water obtained 
at 10 to 12 feet is iron-bearing and brackish. According to T. F. Mumford, 
who has driven many wells, excellent water is obtained from some wells 
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not over 40 feet deep, while others yield water containing considerable 
quantities of mineral salts, chiefly composed of lime, iron, and sodium. 

Dr. H. C. Mallory gave the writer samples of residue obtained by 
evaporating water from three wells at Greenbackville: Those of Elihu 
Tull, 18 feet; James Chapman, 22 feet; and J. T. Sharpley, 45 feet. 
These were qualitatively analyzed by R. B. Dole, assistant engineer of the 
Water Resources Branch of the U. S. Geological Survey, with the follow- 
ing results: 


Analyses of residue from well waters at Greenbackville, Va. 














EK. Tull J. Chapman J. T. Sharpley 
Silicage. tice. YE oy high ty or Puc.fe ire stp tx moderateydeicus, 27.) moderate 
1 it oe aa [id a eRe ne ere TOUT AL Ot ee oo ate low 
Coelciiiire: 4.2 <3. bho. ieee wae Se ee moderate... ees low 
Mares itn eo DID ore) aseciat fe LOWies aati otha skys low 
TORY Sao sae see: WOUCLALE 4. . taut: IID CETALE tye peeieiess win a4 trace 
PCS RAVI tte as TOW wees eo) A Re NOW ade 2288s eta moderate 
Sul phates hijepe) an. 2 4 moderate: §. Aa <teud LoWateie cid ves lts. toil 2353 low 


Field tests of samples from the wells of Elihu Tull (18 feet) and J. T. 
Sharpley (45 feet) at Greenbackville, and James Chapman at Franklin 
City, showed notable variations in mineralization. (See table 7.) 

Drillers charge about $25 for a 40-foot well and $35 to $70 for a 70- 
foot well. 

Chincoteague.—Chincoteague Island and its larger neighbor, Assateague, 
are growing in popularity as summer resorts and are known to many sports- 
men for the duck-shooting on Chincoteague Bay and its connected inlets. 
The village of Chincoteague has a summer population of over 1,500, and the 
question of water supply is of increasing importance. Both islands are low 
and sandy—a succession of beach ridges under 10 feet high, except for a few 
small dunes that may rise above 15 feet. On Chincoteague water is obtained 
from dug and driven wells 3 to 14 feet deep, the best water being found in 
white sand in the higher parts of the island. Only two attempts to find 
water at greater depth, previous to 1906, are reported. James Williams 
drove 70 feet on the outskirts of Chincoteague village some years ago 
without result, and the United States government attempted to get deep 
water at the lighthouse on Assateague. ‘This last trial was abandoned when 
a pipe had been driven to a reported depth of 135 feet. 

The quality of the water from the dug and driven wells varies consider- 
ably, and is said to be better after a long spell of wet weather than during 
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a drought. The water level in the interior of the islands fluctuates a couple 
of feet with the seasonal variations of rainfall, and when the “springs are 
low” in dry weather many wells yield brackish water. 

In the village of Chincoteague driven wells are almost the sole source 
of supply, not over 25 cisterns being reported in use in 1906. Near the 
water front many wells have been salted by unusually high tides. Much of 
the well water is highly colored by iron or organic compeunds, but there is 
great irregularity in this respect—the water from wells less than 20 feet 
apart differing decidedly in appearance. A sample said to represent a fair 
average of the wells in town was taken from a tank at the store of D. J. 
Whealton. This water is drawn by a wind pump from three points driven 
14 feet. The results of a field test are given in table 7. 

As the demand for domestic purposes is increasing, and present sources 
of supply at Chincoteague are not altogether satisfactory, the possibility 
of getting better supplies by wells deeper than any yet sunk calls for 
investigation. However, it is not likely, in view of what is known regard- 
ing the deep flows of the mainland, that good water will be found at great 
depths, 1,000 feet or more; and the prospects for potable water between 
100 and 1,000 feet are not promising.@ . 

With ordinary precautions against pollution the driven pumps now 
used will suffice for isolated dwellings. The use of water from surface 
ponds near dwellings for “drinking” (floating) oysters is decidedly objec- 
tionable. 

Wells on the bay side at Saais, Belinda, Marsh Market, and Grotons.—- 
A large number of wells have been driven near Saxis, Belinda, Marsh 
Market, Grotons, and Justisville and a few of these flow. Details regard- 
ing some appear in table 5. ‘The supplies are in some places excellent and in 
others so hard and iron-bearing as to be unsuited for household use. One 
well on the steamboat pier at Saxis found water in a bed of coarse gravel 
under 2 feet of bluish sand indurated enough to be called rock by the driller. 
The record is as follows: 


Well of Baltimore, Chesapeake & Atlantic Steamboat Co., at Sazis. 
(Authority, I. B. Clark, driller.) 


Thickness | Depth 











Material (Feet) (Feet ) 
Water Sayets Fos ogee sieges pe ie aire akan ene a eee ei 6 6 
Blute: md! 534 ass ie icrand sR A Se SiR re aes 87 93 
Blush .TOCK 3.95 ca Ghia he tas Reet Ae oie tian lee 2 95 
Gravel, with pebbles as large as marbles, water-bearing....... 2 97 


aA deep well is reported to have been drilled in 1910 for a projected fish factory 
on Assateague Island. The depth of the well and the quality of the water found 
are not known to the writer. 
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The water, which is of good quality, rises to tide level. 

At a saw mill half a mile east of Belinda belonging to Ross & Hall, 
two 114-inch wells were driven, 44 and 46 feet respectively, to the “second 
spring” to get enough water for a 50-horse power boiler. The water was 
hard and formed scale. Wells to the “first gpring,” 8-10 feet, did not get 
water enough. Half a mile northwest of Belinda a well was driven to the 
“third spring’ finding water in a bluish gray sand containing small bivalve 
shells. ‘Those washed up by the drill were not identifiable. 

A well at the oyster house of M. L. Hall on the outer edge of a wide 
strip of marsh facing Mesango Creek was driven 64 feet, stopping on 
“rock.” It yields brackish water high in iron that is used for washing 
oysters and has been tried in a boiler. An 84-foot well at Belinda post- 
office found water which rose to above tide level, but contained so much 
iron as to be unfit for domestic use. 

At the mill of J. A. Hall at Marsh Market a 2-inch well driven 92 
feet struck water which rose to 4 feet above tide or 1 foot below the surface. 
The yield was insufficient and a 114-inch well had to be sunk to the sands 
at 48 feet to get water enough for a 50 horse-power boiler. 

Wells on the bay side farther south—Farther south on the bay side of 
the county a considerable number of flowing wells, ranging in depth from 
36 to 160 feet, have been sunk along Muddy, Hunting, Deep, Chesconnessex, 
Onancock, Pungoteague, and Nandua creeks, there being probably 30 on 
Hunting Creek alone. As a rule these wells yield good water which may 
have (when fresh from the well) a faint odor of sulphur; in places the 
water is slightly hard and iron-bearing. Details of many wells are given 
in table 5. 

A well on Muddy Creek near Mearsville showed the following succession 
of materials: 


Record of well of W. J. Somers, one mile south of Mearsville. 
(Authority, I. B. Clark, driller.) 








: . Thickness | Depth 

ees (Beet) | (Feet) 

ofa MR Net MR en A ee ee ee 1 1 
Sen TL eae Me ee POE aoe Ties eal d op artes ee wie ae 4 5 
TERRE pee ee Os ne ene ees oe eee ar 76 80 
PALE SACL METRIC ae CER aur ie ereaen tree cud ciye cc bre tarecare Wiel g's 9 4 84 
PS VUReegan CL Mn et ee ie NP SR ie tame foes gee A) nar gentle wins ebony 33 117 
Sand Wrest mevellin: POOU  WRLCT tts ca yan ieee a els Cate | 1 118 


This 114-inch well, according to the driller, flows at an elevation of 614 
feet above tide 114 gallons per minute. 
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Between Chesconnessex and Deep creeks, where the ground is so low 
that shallow wells are liable to be salted by high tides, several deep wells 
have been driven yielding water of fair quality. The following succession 
of beds was reported from a well near Deep Creek: 


Record of well of Bailey Hast, one-half mile north of Chesconnessex. 
(Authority, Bailey East, driller.) 








7 Thickness | Depth 
Material (Feet) (Feet) 
ST) | Mh Aton oe inert cee Papier ie: He Mey Rots Pik oa gy Kes, See 1 1 
Yellow: avid < f'as 2). Pak) ORE! Soe eae a eee an crenneLs 19 20 
Black, bluish, and slate-colored marsh mud................. 19 39 
Bluish gray sand; & Attlee water), ... 3% wie erties Hobe or 1 40 
Loam with smooth pebbles, yellow, gray, black and white; 
water atabase: « s wwiv.sino Mason ie ale eee ie oe eee 3 43 
Bluish: sand, “watersat: pases c.. so cyae ese tee eee eee 32 75 
Coarse*yravel; no large Stones water. (22a. h>--u ae eee 4 79 
Bluish sand, with shells at 95-99 feet; water at 37 and 100 feet | 58 137 


The water from all the four “springs” rose to the level of mean high tide, 
or within 18 inches of it, and is slightly irony. 

Onancock, on Onancock Creek, has a public supply system, but most 
persons get water from driven wells, many of which go only to the “first 
spring” at 16 feet. In 1906, seven 2-inch wells at the town waterworks 
reached various depths—two 16 feet, two 30 feet, and three 50 feet. They 
were fitted with slotted brass strainers and were, except one, connected to a 
triplex pump driven by a 7 horse-power gas engine that lifted the water to 
a 50,000-gallon tank on a steel tower 65 feet high. The wells are driven 
over a roughly circular area 90 feet in diameter, about 18 feet above mean 
high tide. The head of the water in the points is said to be about 5 feet 
above tide. In addition, water is pumped from a dug well 20 feet in 
diameter and 16 feet deep, in which one of the points to the 50-foot sand is 
driven. ‘The yield from the driven wells is small and much of the water 
used comes from the dug well, which serves both as well and reservoir. 
The total yield is given as 35 gallons per minute. 

The following record of one of the pumping-plant wells was given from 
memory: 
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Record of well at waterworks, Onancock. 
(Authority, F. A. Merrill, driller.) 








: Thickness | Depth 
ublicots (Feet) | (Feet) 
PETIT ah Ping Boe (CURIE A BaP hala, yah er aN 1 1 
UCU ARTIS Oo 0) sa. ea, A de a rare i eee ine. nok a 3 4 
Yellowish sand at base, gravel containing pebbles one-half 
TCH Wacker; “WRLOr-DOALIN. sh coe pies «6 < oe te 12 16 
VOC MATS 1G Ghats BLO Ts ona ae ann URE At ire nee ange aa 14 | 30 
ERIS ie eel RE NUL NLL ET ce ha apc Scanror-sicod cud esas oapeepecd A fekabe dn ats. oecicls 5 35 
PELTED CAG) as, Be ger oe aR Ea Ar eye tr a 15 | 50 
Coarse gray sand with pebbles up to one-half inch; water..... 5 55 


A field assay of water drawn directly from the points, and another, by 
H. N. Parker, of water presumably taken from the dug well are given in 
table 7. ; 

The water is used in the boiler of vessels belonging to the State oyster 
navy and in those of steamers running to Baltimore. The bacterial 
purity of the supplies from the 50-foot bed should be unquestionable but 
in 1906 contamination of the open well was possible. 

In 1906, about one-third of the estimated population, 1,200 people, used 
this water, the remainder getting supplies from driven wells 16 to 25 feet 
deep. The yield of the 25-foot wells was said to be small, but the water 
was pronounced very good. 

Several attempts to supply the town from other wells than those now 
used have been made and two deep wells have been sunk without success. 
One drilled in 1890 by H. K. Shannahan found water at 90 and 140 
feet, and more below to a depth of 486 feet. The casing was broken in an 
attempt to withdraw it, and the water from the 140-foot sand which rose 
nearly to surface was used for a few years by means of a wooden pump. 
The yield was 5 to 10 gallons per minute. The water was not liked because 
of its “‘sulphur” odor and the well has been abandoned for years. Another 
well was sunk in 1895 to about 600 feet without getting a satisfactory 
supply. 

The following incomplete log of the well drilled by Mr. Shannahan 
is from that published by Darton. 


aDarton, N. H., Artesian well prospects in the Atlantic Coastal Plain, U. S%. 
Geol. Survey, Bull 138, p. 131. 
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Partial record of well at Onancock. 








. Thickness | Depth 

Material (Feet ) (Feet) 

INO TEGO To Sa he cieee peak nee che eee tears Megat Ne eam CUR Cte riy rae atte et ins Cee 150 150 
Shells in gravel, ands Sand we sais ceccmie ie cutee anne meen 25 175 
NG: TRCOTG be sche aa.'n: nite ox pew ce ete teeter lao ai aaa Neale ee a ee 5 180 
Fine and?) no’ Water ses isis Caan teetsae ois aie ok eee ae 25 308 
Hard rock 9 inches; clay 2 inches;rock 5 inches; clay 5 inches 2 310 
Clay iand: Sarid ja siz ik Woh vapee domenica imag ane as teen a 23 333 
Clay and. sandy, clay: hy. <0 isa stones thc a reeeatoe Mais ce Fee aie ee 147 480 

The 50-foot sand tapped at the waterworks is reported to be water- 


bearing and to yield no water within short distances. The flowing well of 
H. L. Hurst, on the edge of the creek, 50 yards from the waterworks, is 
only 34 feet deep and evidently taps this sand. 

_ At Finney, back of Onancock, are several wells over 50 feet deep. The 
83-foot well of W. T. Rogers, according to the owner, went through hard 
black mud from about 50 to 75 feet, below that dark sand, and below that 
light sand containing half-inch pebbles. The water does not rise 314 feet 
above tide. The head is greatest at high tides or when nearby marshes are 
flooded after heavy rains. In the springhouse, at the well, are two cement 
basins from one of which the water is pumped by wind power to a tank. 
The water fresh from the well, though perfectly clear, has a slight “sulphur” 
odor; that from the tank is odorless. 

At Cashville, south of Onancock, a number of wells from 80 to 100 feet 
deep have been sunk. The following record is reported. 


Record of well of S. Crockett, on Masitank Creek. 
(Authority, Bailey East, driller.) 


2 Thickness Depth 

Material (Feet ) (Feet ) 

Soil,“ clay wand. patid e's Hs He ee aay vie eiera ees wate ee ee eee 20 20 
A At Ts Gener CommnEn neem I ere ON Gone ME a yo eras 25 45 
Ble SATs aco sts in ase ects estes os tee ee ne ie 65 110 
Blue:sand “and «clam ‘shells psc. be). thew ee ee ee 1 lll 





This well does not flow, though the water rises to within 1 foot of 


surface; elevation 6 feet. 


The elevation of the higher ground about Cashville is 8 to 10 feet. 
Dug wells 8 to 15 feet deep yield water of varying quality; those near the 


creek are sometimes salted by high tides. 
is satisfactory. 
114-inch pipe. 


The water from the deep wells 
Most of the drilled wells cost $35 to $40, including the 


At Harborton, which has a population of about 450, are perhaps 20 wells 
that will flow at an elevation of 8 feet above mean high tide. They all tap 
a bed of coarse sand and gravel at 140 feet. The water is soft and excellent, 
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but at some wells it has a shght “sulphur” odor. A well at Allen & Lenner’s 
fish factory, used for boiler supply at the factory and on fishing steamers, 
may be the oldest flowing well on the Eastern Shore. The water is said to 
be satisfactory, the boiler being in good condition after 16 years’ use. A 
field analysis of a sample from this well is given in table 8. 

The following record is reported by a local driller. Much the same 
succession was found in other wells in Harborton. 


Record of well of J. W. Adams, Harborton. 
(Authority, J. W. Adams, owner.) 








. Thickness | Depth 

Material (Feet ) (Feet ) 

SEI en PL SR Dt an PR iret aS ee a ae a ae | t) 1 

Rae Cr mre EY eS Feige Sa ia hy see ew anaes Ute es we be ido: wy a.ace w) Bethe: ke 4 5 

White, and yellow sand; water at 12 feet. ...... 06.56.2280: 11 16 

PS OL eR leat) VC eras Maia wth oor Sok ahs Melange 5 SRN anew ore ene 24 40 

Gray sand and. gravel; water-bearing................2+.000: 1] 51 

ASSIST DEH G5 98 oi Pe re en ge Ee pene on PF ane a Pa | 74 125 
Gray sand, fine at top, coarser below, contains hard streaks 

BTR eOllay LWaAtel-DeAL ING 64) cece. wanes Se inidaais ges se eee > 15 140 


The deeper wells at Harborton have a 4-foot galvanized iron strainer 
on the 144-inch pipe. The casing is usually just long enough, 50 to 55 feet, 
to cut off the water in the second sand. In a few wells casing is carried to 
the bottom because of running sand. At a number of the wells are wood 
or cement tanks into which the water rises and from which pitcher pumps 
lift it to sinks, etc. ; 

One driller, who furnishes all labor and necessary tools and works on 
a “water or no pay” basis, charges 45 cents per foot for the first 100 feet 
and 35 cents for each additional foot. Another driller charges $50 for 
sinking 140 feet. 

A well at Boggs Wharf about one-half mile above Harborton passed 
through beds of the same general character as those at Harborton, as 
indicated by the record below. 


Record of well of H. Battal, near Boggs. 
(Authority, I. B. Clark, driller.) 


Thickness | Depth 








Material (Feet ) (Feet ) 
POL Ue eca dt sean sey ee ansearin SWAN ei phatase s kaso Fase Sahin a Sow pw wines wha 1 1 
ELGG CLAY ete Te ee ee, IGE. cher yh 8 ete Sah se sacal genes ooo 3 4 
VCE URBAN OOT WaLere ire. te te iA ieataty sf bee 4 os hs 0 EA dite 6 10 
STIL GtNSU LCL Oe ees Ata Pann ae tee cuann Sei ahs. atades aly eeu angtal # stl al Gog ln S 0 34 44 
IG SA CVn Va Dblee e LAE oc tet og ig AN oO a, Wi Saks Ew, WS en. 8 1 45 
DEALS ANG Ta Be ce Ventas Meo. 60 oe 5 Coan, Eee ae ae tes ts OR ee ma 59 | 104 
SUGIIA LUO LIMIBIT SSI y LOt mi metdu «a esas Sei ss isin ae ae ks 8 PerkLe 
Blue mud, shells and sand rock, four layers of rock in all...... 38 150 
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In a moderately coarse greenish-gray sand, not glauconitic, at 150 feet 
were small bivalve shells. Specimens of these examined by Dr. W. H. Dall 
were pronounced probably Miocene. ‘The water rises about 4 feet above 
surface or about 9 feet above mean tide. The quality is good. 

Another well a few hundred yards distant showed much the same 
succession of material. 


Record of well of Richard Taylor, at Boggs. 
(Authority, I. B. Clark, driller.) 








; ; Thickness | Depth 
Material (Feet ) ( ale t) 
a6) | ee ee eR HS lo ee ae kn Ce a eT Oe 1 1 
Rey iSVR eg coat Gi ee eke boa aie eke ade On cee ea ee 4 5 
Welliw? searid: 30% - ye SS er eee ae 5 10 
Bobepe srt (io eg hee cae se ac wg ee ee ene ers este ee 94 104 
Bluish vray sand with small shellsve oo o5).. <5 oe ate | 1 105 


At the mouth of this well is a cement tank. The head is about 8 feet 
above mean tide. 

At Pungoteague village, population about 350, several dug and driven 
wells sunk to the “first spring,” 10 to 18 feet, came under suspicion during 
an outbreak of typhoid fever, and a number of deeper wells have been put 
down since. One of these, 210 feet deep, or 190 feet below tide level, is 
the deepest in use in Accomac County. It cost $120. The driller reported 
the following succession of beds: 


Record of well of S. W. Ames, Pungoteague. 
(Authority, I. B. Clark, driller.) 


Thickness , Depth 





mpelah ibe (Feet) | (Feet) 
Ol ets ES eho by ede oie eae eae ee ote in ee ne ee 1 | 1 
W @TLOW SINC 0 Bip ve tense ska ea eck pierce akan wee ee 15 16 
Blue mud, at 40 feet, and 60 feet, slightly sandy, with a 
little water, at Jatter point; bluish sand with shells...... 94 fee gt! 
Blue mind Sua ke ostks gee eee Pea ai! 
Bluish: sand) with yshelletand: wood2.% .. po ae ee es 95 208 
Sand; good water “nasi. teasd dips > ees eh ee dee 2 | 210 


The well throws considerable sand when pumped hard. The sand is 
fine, white, well rounded and contains bits of lignitic material. A complete 
analysis of a sample of water from this well is given in table 8. 

There are known to be five water-bearing horizons of varying extent at 
Pungoteague; the first, at 15 to 25 feet, gives plenty of “medium soft” 
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water containing little iron; the second, at 30 to 40 feet, gives hard, iron- 
bearing water; the third, at 62 feet, yields water containing little iron; 
the fourth is at 110 feet; and the fifth at 208 feet gives good water. 

Near Craddockville are several flowing wells. The following is a log 
of one of them. 


Record of well of L. J. Nielson, Allen Farm, 2 miles northwest of 
Craddockville. 
(Authority, I. B. Clark, driller.) 


. Thickness | Depth 

Material (Feet ) (Feet) 
er RIT NM EO eee Re Ny ay oda ata sense aise bodies tif o denies We 140 140 
Ti POETIC DINGS ti Arar ete ce des oS ba oiste oa eRe Mewes 33 173 


This well was dry when completed, and the water at 170 feet broke 
in some 48 hours after the driller had stopped work. 

Wells along the line of the New York, Philadelphia & Norfolk Rail- 
road.—At the villages south of New Church driven wells reach the “first 
spring” at 10 to 15 feet ; most of them find soft water, but some find decidedly 
iron-bearing water. The deeper sands frequently yield better supplies. 

At Hallwood are two wells over 100 feet deep. The log of one is given 
below. 

Record of well of Jas. A. Hall, at Hallwood. 
(Authority, I. B. Clark, driller.) 


Thickness | Depth 


vache ok (Feet) (Feet) 
res Mae shoes har a Sars Ae a op tue y Bhai, «5, a sig acepwnads 1 1 
Pipe clay, sand and gravel, with water below 10 feet........ 29 30 
[ec NE oo =f AE GE ee cee ee ee a 125 Ne eee 80 110 
Bluish sand with shells; small yield of good water.......... 40 150 
eee a) RE a Se ee es he ee ae oes phe hed ek ten, Le 8 36 186 


The yield by a pump was so small that though the water was of good 
quality, the well was abandoned. 

A tank of the New York, Philadelphia & Norfolk Railroad is supplied 
from a dug well 12 feet deep and from sixteen 2-inch points driven to 
varying depths. An analysis of the water from the dug well is given in table 
7. A partial analysis made by C. B. Dudley for the Pennsylvania 
System showed 4.91 grains per gallon of total solid residue consisting 
chiefly of sulphate of lime and magnesia with no carbonates; a slightly 
corrosive water. 


10 
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Parksley, one of the largest villages along the railroad, population 500, 
has no public supply system; nor were drilled wells over 40 to 50 feet deep 
reported from the village. 

At Accomac, the county seat, water is obtained from three sandy beds 
lying 12, 30, and 50 feet respectively below surface. The water from the 
first is soft, but that from the second is iron-bearing, and that from the 
third is soft. The following generalized section is given by a driller who 
has sunk many wells in the county. 


General section at Accomac. 
(Authority, I. B. Clark, driller.) 


Thickness | Depth 








Material (Feet) (Feet ) 

SOLLa eras 7 te kid SepthneN’ Mate barrages nia eats a ORG «ts A Gis 1 1 

Reds) GLay 2s o's sieve ie ale doe ra tp caves ee pepe baie apie itiagg to ORE ls Eon ONY oe 3 4 
Yellow and white sand; surface water at 12 feet, better 

water’ ab 32 feet. «i045 5 on 0 eee ovo ce eet eee eee 28 32 

Sticky -bluie-mud aye S Pore oe alate es iolory ot Sipe eat ee 18 50 

Coarse bluish sand, gravel, and small shells; good water..... i 51 


Field assays of samples from three wells are given in table 7. 

Near T'asley dug and driven wells average 10 to 15 feet deep and many 
get water that contains a little iron. Water of better quality is said ‘to be 
found at 20 feet. The railroad tank is supplied from eighteen 2-inch 
points driven to varying depths, said to be 22, 35, and 50 feet. 

A partial analysis by C. B. Dudley, of water from a well 12 feet deep, 
showed 4.21 grains of total solid residue per gallon, consisting chiefly of 
sulphates of lime and magnesia with some chlorides and no carbonates; 
a slightly corrosive water. 

No wells over 55 feet deep had been driven at Onley, 3 miles south of 
Tasley, and there were only two over 50 feet; most were 10 to 20 feet 
deep. The following record shows the character of the materials overlying 
the “second spring.” 


Record of well of I. W. Rogers at Onley. 
(Authority, I. B. Clark, driller.) 


ae Thickness | Depth 
Material (Feet) (Feet) 
Sollce sits oo tee Deke ee acotanl ec epee cae eee ee en ee 1 1 
Light ‘pray. clay is. tis ceis cet me dee Ger nae ee i aE 9 10 
Yellow sand) full sof:iwatercs of45 oan ee eee cle 8 13 
Blue. rv ans aes ae sates eae oo tea ee es Pe eee ore 35 53 
Coarse gravel and pebbles; water-bearing .................. 2 55 


° 


ACCOMAC COUNTY. bal 


About Keller dug wells get water at 8 to 10 feet and are nearly full in 
wet weather. Driven wells tap sandy beds at 8 to 20 feet. One taps a sand 
at 60 feet. 

Wells on the ocean side south of Chincoteague Bay.—On the ocean side 
of the county, south of Chincoteague Bay, flowing wells have been drilled 
along the inlets, the best flows, as on the bay side, being at the base of steep 
slopes facing open water or marshes. The first attempt it is said, was at the 
residence of B. T. Gunter, 4 miles southeast of Accomac, in 1899. This 
well gets water, which rises about 3 feet above the level of mean high tide, 
from a sand bed at 122 feet below surface. A windmill elevates the water 
to a tank whence it is piped to the house. 

Another flowing well on Custis Neck, 34-mile southeast of the well just 
mentioned, is 104 feet deep and flows 100 gallons an hour at an elevation 
of 1 foot above the surface or about 4 feet above mean high tide; the 
following record was given by the driller. 


Record of well of G. L. Dougherty, one and one-half miles north of 
Locustville. 
(Authority, I. B. Clark, driller.) 


Thickness | Depth 


Material (Feet) (Feet) 
Se eee Ite OLA Ve SULIECE WALEL ot. d ous situs ale sthivt isl aleletalg: Sela’ 20 20 
Cre orc Ta BIBS oles ia Ie REE pet ai ree a ce PAE Aah 35 55 
MUO We OreashiCe Waele. Fi. Soler se Get pt iat way sb ere fs ge ee 5 60 
CL SUITES” 3 OR a Leip Gene SIR ire te a a ea 40 100 








SMO OM DONG G WALD Wrap Apis y nase ty ance adele 912 byte y FuRbabels mie 4 104 


At Wachapreague, on the head of Wachapreague inlet, east of Keller, 
practically all the driven wells get water from the “first spring” at about 10 
feet. Along the edge of the marsh at the head of the inlet this water is 
brackish. A large hotel supplies cistern water for drinking. 

Wells on islands in Chesapeake Bay.—The Chesapeake Bay islands 
included in Accomac County are low, like those on the ocean side; and 
some are mere patches of salt marsh. The largest of the islands, Tangier, 
has a population of over 1,200 persons. Most of the dug wells on this 
island are less than 9 feet deep. The water at some wells is soft and at 
others, particularly near the shoreline, hard or irony. These shore wells 
frequently get brackish in droughts or after unusually high tides. Shallow 
driven wells which yield water of much the same quality as the dug wells 
are preferred for sanitary reasons. 
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The only attempt at deep drilling reported is a well driven to 250 feet 
for J. J. Daly near the center of the island in 1906. A bed of very fine 
sand 65 feet thick containing salty water which rose to within a few inches 
of the surface was struck at 141 feet; “rock” at 165 feet, and black mud, 
“rotten sea-grass and clam shells” at 200 feet and below. No large supply 
of water was found below 141 feet, and the sand at that depth clogged the 
pipe. 

On Watts Island the deepest well in 1906 was about 70 feet and on 
Fox Island the deepest was 76 feet. On the latter island a number of wells 
have been driven by William Ellinger for use at oyster houses. The follow- 
ing carefully kept record shows the character of the beds penetrated : 


Record of well on Fou Island. 


(Authority, William Ellinger, owner.) 


Thickness | Depth 








Material (Feet) (Feet) 
Marsh 800 : 2 ec igs ee oe & a ae te 7 ale etc toe 1 1 
Marah.imud 2's. cw kine ot Bua are sch Pe rene ee i ee 6% T% 
Stiff, yellowish-red clay a... hiec% . ehladss-. Ms. bo alee eee Oe 4% 12 
Blue. mud... \ e445 38 (alee Pate gate cee eee ope ke ee ee 15 27 
Conglomerated shells, pebbles and gray limy clay............ 7 34 
Stiff, eray clay wales: Oa ae ee tae ale le one 15 49 
Hard substance called “coral rock” by driller............... 1 50 
Tongit -eray clay 5. 0). ban mans dee sine wie Canine ieee 13 63 
Sandvantd lelay ci fies oe Weta we hit ie ates wee fe ee ee 5 68 
Sharp gray or white, fine to coarse quartz sand............. 6 74 
Coane. gravels: waterto.5 acai as a tS aoe a Benne ee Z 76 


The water which rises to within 2 feet of the surface of the marsh, the 
level fluctuating with the tide, is hard and slightly iron-bearing. The 
yield with a No. 3 pitcher pump is 10 to 15 gallons per minute. The 
quality of the water is shown by the field assay in table 7. 

The chances of getting plenty of deep water on these bay islands, 
particularly on Tangier, is so promising that a test by deep drilling should 
be made. The fine wells on the Great Wicomico River, Virginia, and at 
Crisfield, Maryland, indicate that abundant flows may be had at about 
1,000 feet below sea level in the Upper Cretaceous beds. The water will 
probably be fully as mineralized as that at Crisfield and may be salty. 
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Some shallow-well details reported by postmasters are summarized 
below: 
Details of shallow wells in Accomac County. 


| Depth of 





Wert ofide rele Material of Quality of 
(Feet ) water bed water 

PASSO WONIAN  #. hie lee TSH Week oe SOT a tiwhces ees soft 
PLGIOTEIG MMIC TG. v orensts, Sse: s 10-25 1.8. es clay and sand..... hard 
ESTER OT es «als, cae ae es Ree iter oS temas ake er aleeers Enc s Cisco eee bad, irony 
Pr OREN caer wari: SHG) © haha) 4 sidedae UN A Gt Roa Pea 
Pere Rie (Ch SR ape a Sad Dabs td wks f egas INI, Meee dt soft, bad, salty 

x shallow, irony; 
BRR O WE eas cocker ede’ so ews LOAG TAT. Pee le eee aes tS i deep, good S 
(USES ae aan rae YES ee Eames (mer iene a> Ce Pre ens ditto 
LEV et tris echoes as 10-28 ....sand and gravel... .|soft 
1g CS Re ie be Pe LOE Wie cto ia ect ema he tem lig hard, irony 
VECHLCT a be Geer ae gegen re Bee Ts sede « SGN CLeee Meron ars 
POUT HOT ay 0 gaia ects Poe Oat hae. «s clay and sand..... poor 
Temperanceville ........ LO-EG AL ce ates BATION tie is « fair, irony 








Conclusions.—By sinking to one or another of the sandy beds above 
300 feet it is possible at most places to get supplies of water of satisfactory 
quality. Owing to their easy pollution dug wells are objectionable. 
Driven wells can be sunk cheaply and water from those 30 feet or more 
deep should be free from disease germs. 

The outlook for satisfactory water from beds in the Chesapeake deposits 
300 feet or more below surface is not especially good. On the mainland 
in the northern part of the county there is a chance of getting potable 
water at greater depth, 1,000 to 1,500 feet in the Raritan, but drilling in 
the hope of reaching better supplies in the Potomac beds, 2,000 feet 
more below surface, is not advisable. In the southern part of the county 
deep well prospects are less promising than in the northern. 
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General description.—This county, once part of the District.of Columbia, 
is the smallest and most densely populated county in Virginia. The area 
is 382 square miles. The topography is varied, elevations ranging from 
sea level to over 400 feet. In places on the heights above 300 feet are 
remnants of the Lafayette terrace, and several of the Columbia terraces 
are plainly traceable, particularly the Sunderland at 260 feet near Ballston 
and Glen Carlyn. The city of Alexandria stands on a somewhat eroded 
terrace 40 to 50 feet high. 
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The crystalline rocks, mostly granite and gneiss, outcrop and are 
quarried along the river above Rosslyn and are exposed in ravines in the 
western part of the county. 

The cobbles, sands, and clays, of the Patuxent formation (Potomac 
group) outcrop here and there. Northwest of Alexandria the higher 
(Patapsco) beds rest on gneiss and granite at elevations up to 250 feet 
above tide, whereas the base of the Patuxent is over 450 feet below tide at 
the river front in Alexandria. 

The Columbia formations contain characteristic cobble beds, sands, and 
loams. The more highly colored loams of the Lafayette formation are 
found on the remnants of the high plain between Cherrydale and Falls 
Church, at Upton Hill, and elsewhere. 


UNDERGROUND WATERS 


Occurrence and quality—In Alexandria County water is obtained from 
the crystalline rocks, from their decayed upper surface, and from Potomac, 
Lafayette and Columbia sands. Because of this difference of origin the 
quality varies. Generally the waters are soft; in places they are hard and 
some deep wells and occasional shallow wells have found water containing 
considerable iron. In general the water of the deep drilled wells, particu- 
larly those at Alexandria, is beyond suspicion, but into many open shallow 
wells, in places where there is lack of proper curbing, surface impurities 
are washed at every rain. 

Springs.—As a result of an abundant rainfall, and a deeply scored topog- 
raphy, Alexandria County has many springs. They issue from hollows, 
from hillsides, in ravines, or at the base of terrace scarps. Most of them 
flow from sandy beds in the Columbia, but a few flow from hard rock. 
Many of the springs are utilized for household supply or for watering stock, 
while three are, or have been, of commercial importance. These are the 
Hume, near St. Asaph, the Erup near Glencarlyn, and the Powhatan 
south of Upton. 

Hume.—tThis spring or springs, for there are two distinct sources, in 
the valley of Four Mile Run, is said to have been discovered by troops during 
the Civil War. It has been improved by a concrete basin, piping, etc. 
The flows issue from Columbia sands on a terrace. The principal flow, 
about 10 gallons per minute, is said not to vary with the seasons. ‘The 
water contains iron and according to some persons, has a slight sulphur 
odor. It is not sold by the owner, but has been collected and sold by others. 
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Hrup mineral spring—This spring, about half a mile south of 
Glencarlyn Station, issues from a high-lying sand and cobble bed. The flow 
is about 1 gallon per minute. Over the spring is a frame spring house, 
adjoining this is a frame bottling house with cement-lined iron tanks. 
The water, which is clear, colorless and odorless, is said to carbonate well. 
It has been shipped to Washington and sold there, plain or carbonated, for 
table or medicinal use. 

The water has been analyzed several times; the following analysis 
shows its low mineral content. 


Analysis of Erup mineral spring water. 
(J. K. Haywood, analyst.) 


Parts per 1,000,000 


CALC ae RTS ee eh ee eee ee Re ee ee iia oes 1.9 
BRP UTICs BOI SY AUICLS st (Oz) at vor ei Steen ane tae a atts dixie Ba AS 
PCA TORU ALORACHIAT AO LCLe®. (EL a dlr dates eyes tety ned Sag Saeed Whe 20) 8 9.1 
SIMECE ATS aA Ee eet igs7, Sas has ie TPR rR ad WRT Ien anna iene Sas Bee « 6.3 
Sees TRL ARCMIN Es CNAME SereeE oar elias pCR Fgh seas) i te voh da Wve wleite’t sieeve ok none 
EME TEeSEee Li) eee ar Mamie tierce oR, Gating Ghacdalatat ns ‘ale acatave alWatifets ta small amount 
Cate Nm ee Net ate hah Mar Ac! @ FS cl-at APP, cw WT Boas a) ah Ure eavatale ars pre we A | 
VEE) eee Frese LUO cess ar lac wc chav’ ah st sl ahalle ater, are a steve ig a mete ide iets none 
MEU CIOET (50 PNM eeepc av aeyel PN aH Pela eeet tay tonic Cea ey a oon ny 4 2.9 
CAL get ivare) ot BEY ook oo See DR er UR Ue a ee eee Re LA Ue RL Sete 1.8 
CUBE Ce hme we he) SS Bical ey CREW cto eee Pee sieminln ORY o's Pep 
eCveL EET es cater OECD 1 ae oi 2 aifuna Brahe VS agua eid « BLe ce auc! stdvsdetn Mhelale as 5.7 
Serre Anat ME aa a ag SN Edie ot aa Oe eke Catt ee als eas Os trace 


Oxygen to form oxide of iron (Fe.O,) and silicic acid radicle (SiO,) 1.2 





DES era et ees 5 ticia wiles Mee Ni rd ees hae yee wabeteles 38.8 





HYPOTHETICAL COMBINATION 





MERU UEPEISUE CLOVE TULCIS Litho Weube soe ees eee wik: State cn Wits nding, ai phe ae oes trace 
Ten ep Lec rit Belin Paty fated 6.4 Gt Mh eS Rt es ga no ee a oe eres re 2.9 
ha hme ey ae Gs Gy I Page ae ea a On ee 8.1 
aU TCL VISE hisaiciy a etre een rie se cele aha ene «fads ta yore small amount 
eater rE O Gi Oats) gist tl cite «ean geet clase Rata a sida she eens 4.6 
Peru MmeL ET RCE CIV OSI) sorry aise oa wes. e 6 a, eee A clardes “38 weap aie Whe ss 3 
Meenesiiiuepicarpouale (Mo (CH COs sys. o belo sb ins oc eel wees 10.2 
Remo memoria ten (Cat CO} ay) state ays. aks. + ala 4 ihm dks is, eaegty ace 8 
Se ebeeCPen TOME CPOE PEM yh cone) As ist eine oh he poe e ooe shale a a’ saaiecn la ein sis (ne) 
Ber erm tt een a ae yr ela onle tae each a eks ot hie Gish eee ees sua,'s oa0 
Fup mererr ts CMEC Rs Fle nt Cll tale nis “cu sk Moe «10'S oe hag ans, dies Teh ade o 0.» a 

38.8 


Powhatan.—This spring is situated about three-eighths of a mile south 
of Kearney station on the Washington, Alexandria & Great Falls electric 
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railway. It issues from the south side of a ravine, the valley of a small 
rill that empties into Four’ Mile Run less than half a mile east of the 
spring. A dark granite outcrops in the ravine, and the spring is probably 
of the crevice type, though the point of emergence from the rock is not 
visible. The coolness of the water indicates a source deeper than that of 
many hillside springs. The flow is about 10 gallons per minute; the 
quality clear, tasteless, and odorless. The spring basin is protected by a 
masonry chamber; there are no possible sources of pollution near, and 
the sanitary conditions are good. 

There is a masonry bottling house at the spring from which water 
has been shipped to Washington. ‘The following analysis was made by 
the Bureau of Chemistry.% 


Analysis of Powhatan spring water. 
(J. K. Haywood and B. H. Smith, analysts.) 


Parts per 1,000,000 





Sildean £51.) ) wee 7s vo kw ee oo eb ee be le eae 12.0 
Sulphuric acid (radi¢le {50,) ito ee ee 1 
Bicarbonate sncideraditie: (HUGO) Te se en eee ee 12 
Nitric acid radicle, (NO) 93. c eid oe eee 1,55 
Nitrous acid radicles(NO.)) <n eee oe eee ee ee .016 
Phosphoric: acid »radiclgs (PO) Beae ae ee ee ee none 
Metaboric, acid “radiele: (80.1% ...: 5 5p oe eee ee eee none 
Arsenic acid. radicle (AsO cr Sy. ce ny en eee ee none 
Chlorine (401) 9.2648 dsthe wind R@. Bases oe eee 3.8 
Bromine “(17 )* €or k «footie wo ete a= orn ee ee ete ee none 
Lodine > (0) 7 ‘sesso et ait hes starts Boece ee ee ee trace 
Tron .and aluminum ('6.+--Aly a0 oe5- ee ee es 
Manganese (Mi 320 ss 0:5 susie sce eos aces bo ea me ete none 
Caicrum+ (Gay: oes, ee Bee oe Oe eer bre ee ee enor 126 
Magnesium» ( My)... « @aiy ead Rthaeeeee eee eer een ee 1.2 
Potassium (Ky) 95 sae sos eet eee ee Le 
sodium SUN a oe Pe ae eee he ee ee ee A aw | 
Lithium (14). 0).5555 5 Saeb ees ees en wee ee none 
Ammonia: (ING) oS) case ae ee eee ee ee . 069 
Oxygen to form "Pegs esas ee Ue ee ee ae mah, 
Ota a ole patty oe cles ew ee ee ee oe eee eee os whoo 
Free ammonia oe 353 24 eohe kk as ee ls nee .065 
Albtiminoid “ammonia |... oe ho ole ee ee none 
Nitrogen.as jitrates’ ie. a ee ee .350 
Nitrogen as *mitrites oe cee ne een a eee ee .005 
Oxypen required "225)) sun sy e ek oe en 45 


aHaywood, J. K., and Smith, B. H., Mineral Waters of United States, Bull. 91, 
Bureau of Chemistry, 1905, p. 43. 
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Analysis of Powhatan spring water—(Continued). 


HYPOTHETICAL COMBINATION 
Parts per 1,000,000 





Py recat rice CNL eae ee cea Syren “eh 3 a pas Ae 0.207 
Peters Ten TOPIC 1.0 ES Cl) cpa a aN ey a o's x Gig ira banat Lis 
ee Swab bans CS ah CMT OH BR BD ge ee Oa ne ao 
Beiter er Crater ey 1a ISL boi ry ie Siete pin Eee, Ok Zea AS, ail W's, g ta aris Sha faint trace 
ee OSLO TAC eC INS Oe Jue ciara ea eee eon Ruan ds. os. ops bishgs 1.8 
PITTED ADEE LIN LN Cy fo Mere saree CP he crane Sa ee Pale ee ane yA We? 
Set TYM TCE E CORON GIN (JG Vie ads eee eo eth Wises ina eoheeats “a lobed aks .024 
pociuinomurarbondate.  UNaHCOLYs 5 vie. cm aes Oe etinide 0 lak by 2.9 
Macnesinum bicarbonate «(MoetHCOsy3)) oi. 2. kk ee wat ws 8 6.0 
eto uecar bona te ( O9CO)s) Sa. ee eee hid 2. ead lad (Gb 
Pere oxige anid alumina. (Hep ALO. svi sons cine ders. oe 
SeetemUa whens Marner cle ae wn ee cep a 2 se ltis So ia AS Ue evens 12.0 
rca ra er fair ere eee Sete eyes bree 38.451 


Public supplies—The city of Alexandria, population about 17,000, is 
supplied with water taken from a creek, Cameron Run, about 3 miles 
above the city. The military post of Fort Myer is supphed with water 
from Potomac River. 

LOCAL SUPPLIES 


Alexandria.—There are a number of dug wells owned by the city and 
many privately owned ones. These wells 20 to 40 feet deep get water 
from sandy and gravelly Columbia beds. In 1906 some were liable to 
pollution from leaky sewers or cesspools. 

Deep wells have been drilled for the Robert Portner Brewing Co., the 
Mutual Ice Co., the Alexandria Fertilizer and Chemical Co., and the 
Belle Pré Bottle Co. At the Portner brewery, on a slope 40 feet above 
tide, are four 8-inch wells down about 400 feet and one 6-inch well down 
61 feet, the greatest depth of well reported being 430 feet. The wells 
are pumped by air lift. The water is low in lime but alkaline enough 
to make an admirable boiler water. It is used for brewing, for ice-making, 
and for washing as well as for steam production. A number of families 
in the vicinity of the brewery get the water for drinking. The water from 
the 61-foot well contains considerable iron and is used only for cooling 
condenser coils and washing the outside of kegs and barrels. Analyses 
of water from two of the deep wells, made in 1903, are given below. 
Well No. 1 had been in use 20 years; well No. 2 had just been completed. 
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Analyses of water from wells of Robert Portner Brewing Co., Alexandria. 
(First Scientific Station for the Art of Brewing, analyst.) 


Parts per 1,000,000 


No. 1 No. 2 
Total ‘solids 44s. Aen ee ee ee ee 118.0 170.0 
Organic and volatile matter ~ i. s.. nuns oe ees Fe 12.0 14.0 
Iron and aluminum oxides (FeO, + AI.O;)........... trace 4.0 
Caleram™ (Ca oe ee SOAP as BEN es Pe tk ee ee 
Magnesium: (Mg) © (steam AiG din’ geile Web erty ok alan ett eas ee 22s 
Chioring "(C1)" v's as ee te ee eve ee 24.8 19.5 
‘Alkaline tear bonates (ie tnct 2 .neeens sites oats ai ree eea 114.4 109.0 
Sulphuric acid (SO) see xs REE Ce ee ee 11.6 12.0 
INICTIG VACICS occu he ae ais etal enter ee cs fee nt ee 0.0 0.0 
Nitrous: 9eid. <walsaieere iat ce he eee ote een ie ee 0.0 0.0 
Fires) 8mmonia wi ite Os ce ee ee ee nee trace trace 
Albumenoid ‘ammonia? Cc Ve pea et cee kt eee eee small trace small trace 
LOtal sHaraness ©2545. ccs bo oa ave ara ees creer ease 15.6 220 


A later analysis made by the United States Geological Survey is given 
in table 11. 

The 8-inch well of the Peoples Ice Company is on the river front. 
It is 401 feet deep and cased to the bottom. The water rises about to 
tide level, 12 feet below the top of the well. Pumping 90 gallons a minute 
lowers the water to 60 feet from the top. ‘The water, like that from the 
Portner wells, is colorless, odorless, and tasteless. It is used for making 
ice and has been bottled and sold for table use under the name of Mico 
water. An analysis furnished by the company but recalculated to express 
results in the form adopted by the U. 8. Geological Survey shows the 
following mineral content: 


Analysis of Mico Water. 
(J. D. Hird, analyst.) 


Parts per 1,000,000 


Total solids: tact send cea loti far see ae Sica RERRE stra he 176. 
Organic” "matter© wr. 5% es wes oe ears ated ecm ei Sas es eel a 0. 
Silicia.. (SiO.) 1.5 gins Be AO: Oe aielee tle pee ee aetee Sis wee eee ee Zh 
Caleium,..( Gad’ s 22 < . inaah eaten aaa ee ea Amie Gee a a trace 
Mapnesium) (Mg): 05 cps npe ne O24 one eee ee irae in ential 1.4 
Sodiamay NG pee Pe aaa fore eee ee eres ok ee Qe 49, 
Bicarbonate; raditle (CHG, er was kta cree ean oe Se 39. 
Sulphate -radicvle {CBO gray coun tee ee ee a 36. 
Chiorine 2 G1)" ee Pee PR PSs ae es A coe B32) 


A well sunk in 1906 at the plant of the Alexandria Fertilizer and 
Chemical Co., on the water front a quarter of a mile north of the well of 
the Peoples Ice Co., illustrates the variability of the Patuxent sands as 


ALEXANDRIA COUNTY. 139 


water bearers, the poor quality of the water in some of the sands and the 
difficulties that beset a driller unaccustomed to working in the Potomac 
sands and sandy clays. 

A standard cable rig was used and rapid progress made for the first 
250 feet. Below 300 feet progress was slower and the 8-inch casing after 
a series of accidents finally collapsed at 397 feet. An attempt to go 
deeper with 6-inch casing resulted in reaching a total depth of 445 feet, 
beyond which it was impossible to drive the casing, though this was 
heavy pipe, without its collapsing. Little water was found and none 
that would flow at surface, 10 feet above tide. Dynamiting at 350 feet 
gave a small yield which rose to 80 feet of surface. Dynamiting at 225 
feet gave water which rose nearly to tide level. The yield is 60 gallons per 
minute, by air lift, the end of the air pipe being 215 feet down the well. 

The water from the sand and gravel at 225 feet has not improved 
in quality under heavy pumping. It is clear and colorless when fresh 
from the well but becomes turbid and deposits iron on standing. It has 
an acid reaction and is not suitable for boiler use. A partial analysis 
showed solids amounting to 1,265 parts per million, chiefly sulphates. 

A 6-inch well drilled for the Belle Pré Bottle Co., half a mile north- 
west of the brewery, is 185 feet deep; the water, from a sand bed in the 
Patuxent formation, rises to 25 feet of surface, elevation 40 feet; pumping 
65 gallons lowers it 10 feet. It is used for boiler supply, though it forms 
a tough hard scale, and for other purposes at the company’s glass works. 
The analysis in table 11 was made by the U. 8S. Geological Survey in 
1910. The difference between this water and that from the deeper wells 
is marked. 

Other localitves—On the heights west of Alexandria most residences get 
water from dug wells; a few have drilled wells. The supplies come from 
Columbia or Potomac sands and cobble beds. Depths to water and quality 
of supphes vary. Thus a drilled well about 125 feet deep on the southeast 
slope of Shooter Hill obtains iron-bearing water that rises to 60 feet of 
surface from a Patuxent sand bed; whereas about 100 yards east, and a little 
higher up the hill, a well only 20 feet deep yields an abundant supply 
of soft clear water. At most wells the water is soft. 

The irregular occurrence of water in crystalline rocks in the western 
part of the county is shown by the following records furnished by N. H. 
Darton. The second well is 150 feet east of the first. 
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Record of well of G. N. Saegmuller, Chain Bridge. 
(Authority, W. C. Miller, driller.) 


Thickness | Depth 


Material (Feet) (Feet) 
Micacesns red “clay ooo) seins oe an ee ee ee eee ee 60 60 
Soft ‘micaéeons mock “55 ce os. te cle aoe +h lete eev ta et vo eee ae 10 70 


Gneiss hier ae es anes eae er ee 485 555 


A little water, about 2 gallons per minute, was found at 80 feet and 
no water below. 


Record of well of G. N. Saegmuller, Chain Bridge road. 
(Authority, W. C. Miller, driller.) 


Thickness | Depth 





Material (Feet) (Feet) 
Wicaceous’ Ted GIy Ae Nesctse suse ate vie tet teres ae cheer oe cae 60 60 
Soft micaceotis rock 1240 Past. SS) bee. ee eae coi eee | ld fe | 
Cn @ies > hen ca ekl Moaks eek ce ee eels Sap eee eo ees 10 81 


The yield of this well was 8 gallons per minute. 
The record of another well that obtained water from granite is given 
below. 
Record of well of A. M. Lathrop, Upton Hull, near Fostoria. 
(Authority, W. C. Miller, driller.) 








: | Thickness { Depth 

Material | (Feet) (Feet) 

Micaceous red “thay ase dee ev ore sak oe oe ee 60 | 60 
Soft micaceous rock; small supply of water at 60 feet........ 34 94 
Soft .omeies (11. 's4cas 6 peta ale Oe e ed ante Ce 80 pb ely2 





According to the driller, this well, when completed, yielded 15 gallons 
per minute of excellent water. 

About Addison and Arlington Junction are many dug wells and a few 
drilled wells. The dug wells are 15 to 25 feet deep. The drilled wells 
vary greatly in depth. One at the power house of the Washington, 
Alexandria & Mt. Vernon railway, near Luna Park, yields a small flow 
of good water from a sand bed reported to be but 36 feet below surface. 
The comparatively high head of the flow, about 20 feet, is explainable 
by the water bed receiving supples from the hill on the Luna Park 
grounds, and thus having an initial head of possibly 100 feet. At the 
plants of the Standard Brick Co., and of the New Washington Brick Co. 
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near Addison are wells 140 feet and 131 feet deep respectively, tapping 
Patuxent beds. The water is used for boiler supply and for drinking. 
An analysis of the water from one of the wells appears in table 11. 

There are no deep drilled wells at Rosslyn. Most dug wells obtain 
soft water from Columbia or Potomac sands and cobble beds. Depths 
range from 15 to 40 feet. 

On the terrace near Ballston, Clarendon, Veitch and Kearney, dug 
wells about 20 feet deep are practically the sole source of supply. The 
water les chiefly in Columbia sands or cobble beds and is soft at most 
wells; a few wells yield hard water and a few water that is irony. 

About Glen Carlyn dug wells are 20 to 35 feet deep. The water, in 
Columbia cobble beds, is soft as a rule. 

Falls Church lies chiefly in Fairfax County and its water supply is 
described under that county. 


Conclusions.—The underground water resources of Alexandria County 
are considerable and can meet far greater demands than those at present 
made. At Alexandria and along the river front northward, it will 
probably pay any concern using large amounts of water to have a com- 
petent driller make a test to bed rock. Exact prediction of depth to good 
boiler water at a particular point is impossible. It is probable that such 
water will be found within 100 feet of bed rock, that a deep well will pene- 
trate a number of water-bearing sands, and that wells a short distance 
apart will get water of different quality from about the same depth. 

Deep drilling on the higher terraces to develop water in the crystalline 
rocks is a more uncertain venture. It will often be justified by sanitary 
considerations. 


CAROLINE COUNTY. 


General description.—Caroline County, formed in 1727 from portions 
of Essex, King and Queen, and King William counties, lies in the western 
part of the Coastal Plain between Rappahannock and Mattaponi rivers 
and extends into the Piedmont region. 

The topography is of the western shore type. On the highest terraces 
are patches of swamp in which head sluggish brooks that meander to the 
edge of the terrace, then descend rapidly through sharply cut valleys to 
the lowest terrace. Elevations range up to 250 feet. The Lafayette terrace 
caps divides in the western end and the Sunderland terrace occurs on the 
divides in the eastern end of the county. Lower terraces make the 
second and first bottoms of Rappahannock and Mattaponi rivers. 
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The oldest rocks exposed at the surface within the Coastal Plain part of 
the county are the Triassic sandstones and shales in the valley of the 
South Anna River. The sands, gravels, sandstones, and clays of the 
Potomac, the greensands of the Pamunkey, and the clays and sands of 
the Chesapeake all outcrop. 


UNDERGROUND WATERS 


Because of the topography and because of the variability in composi- 
tion of the surficial deposits, the depth to the water table and the character 
of the ground water vary greatly. On projecting headlands of the 
Lafayette or Sunderland terraces dug wells may have to go 60 feet to 
get water, while on level interstream areas of the same formation wells may 
find sufficient supplies within 12 feet of surface and be full to the top 
after prolonged rains. On the lower terraces the differences in depth to 
water are less but the wells are more apt to go dry in drought. The 
sands of the high terraces yield water that is mostly soft but in places it 
is hard. Waters in the lower terraces are more apt to be hard or iron- 
bearing. Wells sunk through the terrace formations or through valley 
wash into the Chesapeake deposits obtain water that may be soft; if the 
water comes from a bed of shell marl it may be decidedly hard. Supplies 
may be scanty, though the wells penetrate the clayey sands for 50 feet. 
The Potomac and Pamunkey sands, tapped by drilled wells along Rappa- 
hannock River, yield flows of soft water of good quality that has a faint 
“sulphur” odor. 

Springs.—Because of the topography Caroline County contains many 
springs of the Coastal Plain type. They are comparatively little used 
for household supply and none is of commercial importance. One near 
Guineys has a local reputation for yielding water of theraputic value. 


Wells.—Dug wells, most of them having a wood curbing at the bottom, 
are the chief source of supply. There are comparatively few driven wells 
in the county and perhaps 10 drilled wells along Rappahannock River. 

The usual price for digging a well is $5. This does not include extra 
labor needed and lumber used for curbing. 


LOCAL SUPPLIES 


Bowling Green.—Practically all the water used in this village, the 
county seat, is obtained from dug wells 25 to 35 feet deep which give 
enough water for household use, but few withstand continued heavy pump- 
ing after prolonged dry weather. Some of the wells are poorly located. 


CAROLINE COUNTY. 143 


According to R. P. Vincent, there are about 60 dug wells in the village. 
He gives the following as an average section of the materials penetrated. 


Generalized section at Bowling Green. 
(Authority, R. P. Vincent.) 








= Thickness | Depth 

Material (Feet) (Feet ) 
AeA LOU Pe ae eso ITZ siGsS ge eM. Ysa Slee ane ahde™ saan eA aie ot 7 7 
erm OMINMANCLETODOIOS  . cuiy a's Siti (pac © «ta Us tel g pticd ae Cl iARe SPM EI TS tal bs | 14 
Weliow sandy clay, with seeps of water... etic ewe ee oe 12 26 
eee MATL g UIe IEA DLV: OL WALEFs ho... scare ashalen eae wits Meas & pales 6 31 


The supphes show unexpected variations in quality, due either to the 
chaotic assortment of materials in the basal beds of the Sunderland for- 
mation or to some wells striking shell beds in the Chesapeake. The water 
from the public well in front of the old courthouse is soft and contains 
little iron, while almost directly across the street, the well of R. P. Vincent 
gives water that is hard and contains iron. The village has a reputation 
for healthfulness, so the supplies ‘obtained from the dug wells are presum- 
ably satisfactory from a sanitary standpoint. 

Results of field assays of the water from neighboring wells appear in 
table 7. 


Other localittes—At Milford on Mattaponi River the dug wells average 
20 feet deep, and get water from sandy and gravelly Columbia beds. The 
water in a number of the wells is decidedly irony. 

The dug wells at Port Royal go deeper than at Milford; some pass 
through the Columbia sands and get hard water in the Pamunkey greensands 
at 20 to 25 feet. The artesian wells at or near Port Royal tap coarse green- 
sands and gravels at the bottom of the Aquia formation. The water is 
beautifully limpid, has a faint “sulphur” odor and is distinctly alkaline.@ 
One of these wells, owned by the corporation of Port Royal, is on the river 
edge just below the steamboat landing. It is 272 feet deep, 144 inches in 
diameter, and flows 2 gallons per minute, the flow varying slightly accord- 
ing to the stage of the tide. An attempt to get a supply on the terrace, 
elevation 20 feet, by a ram, proved disappointing and was abandoned. The 
other wells at and below Port Royal get water from the Aquia. A few 
wells farther up stream get water from “quicksand” in the Potomac. 
One of these wells at Hayfield farm near Horseneck is 169 feet deep and 
just flows at an elevation of 25 feet above tide. The driller reported the 
following log: 


a¥or field assay of water, see table 9. 
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Record of well of A. B. Lewis, 9 miles southeast of Fredericksburg. 
(Authority, Geo. Heflin, driller.) 








‘ Thickness | Depth 

Material (Feet) (Feet) 
Red. clay avid: SEnvely -Aiacce: seh ee aaak ess O-ubome, Gain een 20 20 
Blue marl; water at bottom; this water cased off............ 80 100 
Quicksand, “green with white spots”; main flow at 167 feet... 67 167 


The following summarized statement shows the variations in depth 
to water and quality of supplies at several localities dependent on dug 
wells. The data are from reports by postmasters and others. 


Details of dug wells in Caroline County. 





Depth of : abe 
Post-office eats Water bed Cus liny On races 
(Feet) SHEPLY. 

Brandywine 2.0 28ee tee | Za eCO Es Ee aia ate Rae Ae ae Hard, soft 
Central\poiit 22.8. ants AQ Fs ate Sa la ee RS oc, tek ts 
Ubi les Ure oor sys cee 16 to 24 Clay and gravel |Soft 

Deloseyens . ae ce oe 10 to 20 Sand Soft 

Bd gar: (es. 25a Se ee 25 to 40 Iron crusts Shallow, soft; deep, hard 
Ls ere oR, Ge PR aA EP 30 to 50 Gravel Soft 

Golansville>s, «een ne 16 to 50 Gravel Soft 

(AUIMeYSs csie a cela oct ee 15 to 25 Sand, blue clay |Fair, irony 

Mali orel staal: aictase i cement 10 to 60 Sand, gravel Soft, irony 

New London veo ey. &, SO TG: SOI Tah A Ri ate eer oar Oe eee ce ee ae 
Penola. 2.creeene seen S 10 be THF Med studs Bie See ee ee eee ee 
Return nts Celia eee AQ. | Bn 6h, a eo Bla atone ah Cae ee a nee ee 
Rappahannock’ Academy :[ "ZO°to 4On° 9 f...75:. va ce alee aie pee ine et ne 
Woodinrd.<.- eia7-a: 12 to 30 Gravel ‘Soft 


Conclusions.—Except at a few villages present supplies of water are 
equal to local demands. Water that is above suspicion of pollution can be 
had from the Pamunkey and the Potomac sands by properly drilled wells, 
but flows are not to be expected at over 25 feet above sea level. 

At Bowling Green excellent water for domestic use can be had from 
the Pamunkey at a probable depth of 400 feet. As this water will not 
rise within 100 feet of surface, the well would have to be pumped, hence 
should be of sufficient diameter. At Milford a flow at the surface from 
either Pamunkey or Potomac sands is doubtful. Enough water to keep 
fire tanks full and supply several buildings can be had on the terrace at 
Port Royal by attaching a hydraulic ram to a carefully drilled and cased 
well of larger diameter than those now in use. On the Mattaponi no 
artesian wells have been sunk, but flows may be struck at 300 feet below 
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tide level at the east line of the county. In general flows are not to be 
expected and supplies that will rise 20 feet above river level are unlikely. 
There is a good prospect for flows at less elevation east of Penola. 'The 
Newark rocks on the North Anna River are uncertain water-bearers, as 
shown by the deep well at Doswell. » 


CHARLES CITY COUNTY. 


General description—Charles City County, one of the original shires 
of the colony of Virginia, was formed in 1634. It extends along the 
north side of James River to the eastern end of the peninsula between 
James and Chickahominy rivers. 

Away from the rivers the western end of the county has a gently 
rolling surface, cut here and there by some tributary of the James or 
the Chickahominy. An altitude of 200 feet is reported just south of Rox- 
bury. This high point is a remnant of the Lafayette terrace, and other 
remnants of the Lafayette terrace may be seen northeast of Malvern Hill. 
The lower terraces are plainly evident in the east end of the county. On 
the James the development of the Wicomico terrace gives the topography 
a peculiar, drowned look; red hills, remnants of the Sunderland terrace, 
project above the buff loams and clays of the Wicomico plain. This is 
particularly noticeable ion the road from Charles City to Richmond, between 
the Willcox Wharf road and Herring Creek. Along the Chickahominy 
which, above Providence Forge, flows for 40 miles through a narrow swamp, 
a low terrace is well developed. 

The Columbia or the Lafayette overlies the clays, sands, and marls of the 
Chesapeake, on the higher land in the eastern part of the county. The 
Chesapeake is probably not more than 120 feet thick, thinning toward 
the west. Along James River, from the west line of the county to Herring 
Creek, the greensands of the Pamunkey lie just below the Columbia and 
are exposed in bluffs. The Chickahominy has not cut its way down to 
the Pamunkey, though at Roxbury the cover of Chesapeake is less than 
50 feet thick. 

UNDERGROUND WATERS 


Occurrence and character—Supplies of underground water sufficient for 
the needs of farm houses can be obtained on the terraces from wells sunk 
in the Lafayette or the several Columbia formations. The depth to the 
water table varies according to topography, depth of the surficial deposits, 
freedom of ground water movement, etc. Some anomalous conditions 
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result. For instance, near Shirley some wells on projecting headlands of 
a Sunderland plain get water at 15 feet in loam, while on the Wicomico 
terrace 50 feet below and not over 300 yards distant, wells go 30 feet to 
water. The quality of the supplies from the Sunderland and Wicomico 
formations varies, but is generally soft. On the stretches of a low-lying 
terrace near James River, excellent water can be had by driven points 
20 to 30 feet deep. Water from shallow wells in the Chickahominy 
valley has a bad reputation, being thought to cause malaria, and intestinal 
diseases. Part of this ill-repute is no doubt due to the use of dug wells. 


Springs.—Charles City County has its share of springs, most of which 
are of the ordinary Coastal Plain type, flowing from terrace gravels above 
Chesapeake or Pamunkey beds of sandy clay. The flows are small, probably 
averaging less than 5 gallons per minute, but the waters are soft. No 
spring is the site of a health or pleasure resort, and from none is water 
shipped in commercial quantities. A few that are noticeable for one reason 
or another are those of John Ruffin, 6 miles west of Charles City; H. A. 
Saunders at Buckland Farm in the same section; and R. W. Swift 2 miles 
southeast of Elko. The last, situated in a hollow by a run that empties 
into Chickahominy River, has a fine flow of 20 to 25 gallons per minute 
from clayey and sandy beds near the bottom of the Wicomico formation. 
Other good springs are found along the same run. The water from Mr. 
Swift’s spring is clear and sparkling, and is used for all domestic purposes. 
A field assay is given in table 6. 

Wells——The dug well, cased with wood, is the chief source of under- 
ground water supply. In places on the lower terraces along James River 
driven wells are used. ‘There are few deep drilled wells, though water- 
bearing beds in. the Pamunkey or Potomac underlie the entire county. 


LOCAL SUPPLIES 


Of the deep wells reported, one 280 feet deep, near the Chesapeake & 
Ohio railroad station at Roxbury, on the edge of the cypress swamp along 
Chickahominy River, was drilled for T. L. Watson to furnish drinking 
water of better quality than could be procured by dug wells, and to supply 
a mill boiler. The water rises to within 2 feet of surface, or about 40 
feet above mean high tide in James River. According to unverified reports 
a small flow was struck at 70 feet, but was cased off. The main flow is 
from a Potomac gravel bed. ‘The water, pumped by a windmill, is clear 
and soft with a very slight sulphur taste. It works nicely in a boiler, 
and is called an excellent table water. 
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One of the finest wells in the section along James River was sunk for 
W. M. Ramsey, on the famous estate known as Westover. The well, which 
is 10 inches in diameter and 139 feet deep, found water in a bed of gravel 
and black sand (basal Pamunkey) at 132 feet; this water rises to 10 feet 
of surface, or 10 feet above mean high tide. Pumping 70 gallons per 
minute lowers the water 8 feet. A 4 horse-power gas engine belted to a 
horizontal pump, forces the water to a tank whence it is piped to the house, 
stables, and other buildings. The water is clear, tasteless, and odorless. 

At Bucklands stock farm, near Bucklands Landing on James River, 
are 6 flowing wells ranging in depth from 168 to 184 feet that reach 
Pamunkey sands. The flows are free, ranging from 6 gallons through a 
2-inch pipe, at the well on the highest ground, elevation 24 feet, to 80 
gallons per minute at a well by the river. The reported head of the flows 
is about 32 feet above river level. (See table 5.) 

Near Charles City dug wells are found 25 to 40 feet deep, averaging 
30 feet, and ordinarily contain 4 or 5 feet of water. In most wells the 
water is called hard. 

The following section in a road cut at Courthouse Creek shows the 
general character of the Columbia and Chesapeake beds reached by dug 
wells. 

Section at Courthouse Creek, Charles City. 


Thickness | Depth 
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Ee SEIU Ls 2 a Sie Sia 6 a Ie PY AACE ee are 3 14 
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Near Binn’s Hall dug wells are 12 to 60 feet deep, most being from 
12 to 25 feet; the water in the shallow wells is soft, in the deep hard. 
Near Oldfield the wells average around 30 feet and yield soft water; near 
Sturgeon depths range from 20 to 70 feet, averaging 50 feet. The water is 
soft. On the terrace back of Wilcox Wharf wells are 30 to 45 feet deep. One 
on the bluff, belonging to T. W. Hubbard, went 12 feet through red and 
buff clay and 31 feet through sand, gravel, and iron crusts, with pebbles 
near the bottom. The water is soft and excellent for domestic use. (See 
analysis, table 8.) 

At Eppes Island on James River, driven wells get good water from 
the Talbot formation at 15 feet. At and near Shirley are a considerable 
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number of driven wells. They are from 27 to 35 feet deep. H. S. 
Saunders gives the following average record for wells at Upper Shirley. 


Generalized section at Upper Shirley. 
(Authority, H. S. Saunders.) 
Thickness | Depth 


Material (Feet) (Feet) 
Soil nos) ps Wak Bes oe ln Pe oa ee ee ee 3 | 3 
Tough gray clay *.% 5 face sea ie ee eee in oe 10 13 
Reddish ;sandy «clay % Miiwiarqe wn ee isi eee: < eee eee 15 28 
Gobble: beds.’ 4.5.5.» @ asses Daa eae aes ek Soe ee 4 32 








Coarse: gravel; ‘water-bearing (f.t.c1 ee aes ke ons Fs eee 1 33 


A field assay of a sample of water from a 30-foot well is given in 
table 7. 

This well, driven some 15 years ago, is situated in a slight hollow of 
a terrace about 25 feet high. To guard against surface water working 
down along the pipe a hole 4 feet in diameter and 1 foot deep was dug 
about the pipe and filled with concrete. A deep well drilled for Mr. 
Saunders struck bed rock at 350 feet. It did not get a flow. 

Near Malvern Hill post-office wells are from 20 to 70 feet deep; some 
of the deeper ones go down into “marsh-mud,” probably fine dark clays 
of the Pamunkey, and obtain little water. A well at the post-office, said 
to be 50 feet deep, though nearly full in wet weather, is said to go dry in 
droughts; it evidently gets little water except what comes in near the 
surface. In the neighborhood are several 8-inch wells bored by an earth 
auger and cased with 12-inch tile. One of these owned by J. M. Gill, 
70 feet deep, cost $15 to bore. This well is said to be sunk through 
“marsh-mud” below the surface sands and loam. The depth from which 
the main supply of water comes in wet weather is uncertain. The character 
of the water in 1906 is indicated by the field assay in table 8. 

Data regarding dug wells at a number of places in the county are 
presented in the accompanying table. 


Details of dug wells in Charles City County. 











Depth of Quality of 
Post-office well Water bed principal 
(Feet) supply 
Binn's:\tiell ae aaa 12-60 Sand and mar] Hard and soft 
Holderolt- ie ata te ee 13-30 Sand: .) Po O° "oo" Aes: ' wh Re ee eee 
Oldfield we tire 35 CR oe | T ceee  1 o 
Hi@NG, \s sdis ene cas east tae eee 30-75 Marl Hard 
Lante pss eee 30 Sand Soft 
Sturgeon Point ........ 15-60 Sand and clay Soft 


CHESTERFIELD COUNTY. 149 


Conclusions.—Good water can be had by dug, driven, and drilled wells in 
Charles City County. On the low ground along Chickahominy River 
where the shallow water is regarded with suspicion, plentiful supplies can 
be had from Pamunkey sands 150 to 300 feet below sea level; along the 
tidal portion of the river, south of Boulevard, basal sands of the Chesa- 
peake group 100 to 150 feet below sea level, may yield small flows at ele- 
vations less than 10 feet. Along James River in the eastern half of the 
county good flows can be had from the Pamunkey, but heads 25 feet above 
river level should not be expected. 


CHESTERFIELD COUNTY. 


General description.—Chesterfield County, formed from Henrico County 
in 1748, is bounded on the north and east by James River and on the 
south and west by Appomattox River, but only that part of the county 
east of a line from Richmond to Petersburg hes within the geologic province 
considered in this report. In this part of the county elevations range up 
to 210 feet. James River and Appomattox River have cut gorges nearly 
200 feet deep in what was a gently rolling plain, and tributary creeks have 
V-shaped valleys. Near the rivers the Columbia terraces have been largely 
removed, but remnants of the Sunderland and Wicomico terraces are trace- 
able back of Manchester and along the road from Manchester to Petersburg. 
The Talbot terrace is nowhere conspicuous. 

A gray granite, in places gneissoid, outcrops about Manchester and 
causes rapids in James River. It also outcrops near Ettricks on Appo- 
mattox River. ‘The sand, sandstone, and cobble beds of the Patuxent 
formation are exposed in places along James River and are conspicuous on 
the north bank of Appomattox River. The dark green glauconitic sands 
of the Nanjemoy formation outcrop at Powhatan and elsewhere on Appo- 
mattox River. The sands and diatomaceous clays of the Calvert overlap 
the Nanjemoy, resting on that formation, the Patuxent, or the granite. 
The yellow, buff, and reddish loams of the Lafayette and Sunderland 
formations mantle the divides. 


UNDERGROUND WATERS 
Occurrence and character—Ground water, stored in the coarser beds 
of the Lafayette and of the various Columbia formations, is the chief 
source of supply. Depths to the water table show the usual variations 
characteristic of the western edge of the Coastal Plain and range from 5 
to 50 feet. The water as a rule contains little mineral matter in solution 
and is clear and soft. 
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Springs.—Chesterfield County contains many springs. As fastidious 
people in Richmond desired water of better appearance and greater purity 
than the supplies that were, until the installation of purification plants, 
furnished by the city waterworks, some of the owners of conveniently 
situated springs have sold large quantities locally, and have extended 
business to points outside the State. Some of the important springs are 
outside the Coastal Plain area, and flow from crevices in crystalline rocks ; 
others, just within it, issue from gravelly beds in the surficial loams of the 
Lafayette or the Sunderland terrace. All the springs of note are mentioned 
here. Five of these springs have been advertised more or less extensively ; 
the waters from several others have been sold or have been used in the 
“manufacture of ginger ale and other sweetened beverages. 

Perhaps the longest known of the springs is the Fonticello, situated 
in Swansboro, a suburb of Manchester, on a tract of land that is said to 
have been an Indian camp ground during the time of Powhatan. The 
spring issues from a crevice in the granite-gneiss exposed by a slight 
hollow in the red cobbly Lafayette loam that mantles the high ground 
west of Manchester for an undetermined distance. It flows from the cleft 
in the rock at the rate (estimated) of 18 to 19 gallons per minute and, 
according to the proprietor, shows no seasonal changes in flow. The water 
is pumped from a cement basin in the stone spring house to the bottling 
room. The overflow from the basin supplies a small pond. The grounds 
about the spring are laid out as a park. Care has been taken to exclude 
surface water by digging a blind ditch around three sides of the spring 
and laying tile drains. The source of the flow is uncertain, but the location 
of the spring, in a hollow on high ground, the temperature of the flow, 
61° F. in October, 1906, the manner of emergence, and the character of 
the water indicate that the source is not deep. ‘The water probably accu- 
mulates in the gravels of the Lafayette on the higher ground to the west 
and flows by connecting joints in the underlying granite to the outlet. 

Fonticello Lithia water, as the output of the spring is called, is shipped 
in bottles and carboys. It is sold for table use and as a light bicarbonated 
alkaline water for disorders of the liver and kidneys. 

The following analysis is recomputed from that given in circulars sent 
out by the proprietor. 
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Analysis of Fonticello Inthia water. 


(Henry Froehling, analyst.) 


Parts per 1,000,000 
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Not far from the Fonticello, in Manchester, on a hillside pasture lot 
in the shallow valley of a small run, is another spring flowing from a 
cleft in granite. This spring, known as the Bellfont, has been less adver- 
tised than the Fonticello, and the water is sold chiefly for table purposes 
in Richmond. 

The water is clear, tasteless, and odorless. There were, in 1906, no 
buildings on the slope above the spring for 200 yards or more, and the 
sanitary surroundings were good. The flow, estimated at about 20 gallons 
per minute, is said not to vary during the year. The only improvements 
at the spring at the time it was seen were a cement basin and a small 
frame springhouse. In essential characteristics of origin and emergence, 
this spring resembles the Fonticello, and the water has much the same 
composition. The following analysis was furnished by the former pro- 
prietor, Clarence Vaden, of Manchester. 


Analysis of Bellfont Lithia water. 
(W. H. Taylor, analyst.) 
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About 1 mile southeast of Swansboro post-office, in a tract of land 
partly wooded, partly open, is a group of springs from which water has 
been sold from time to time. In 1905 the title passed to people who made 
extensive improvements with the apparent intent of having more ornate 
surroundings there than at any spring near Richmond. ‘The spring-house, 
open at the sides, has a concrete floor, the basin is walled with slabs of 
white marble, and a niche of similar slabs surrounded by an ornamental 
iron screen is built above it. These springs, known as the Holly Lithia 
springs, are situated in a slight hollow of the almost level surface of the 
plain. The chief spring is a “boiling spring,” the water rising from a 
bed of coarse sand, gravel, and cobbles beneath a few feet of surface soil 
and loam. Dug wells in the vicinity strike granite at from 5 to 30 feet 
below surface. The water is clear, tasteless, and odorless, and contains 
free carbon dioxide, bubbles of which can be seen rising in the basin. 
When the spring was inspected there were no dwellings nor other buildings 
so situated that contamination of the spring water from them was possible. 
The source of the water is evidently shallow, as indicated by the tempera- 
ture, 62144° F., in October, 1906. The present volume of flow was deter- 
mined, it is said, by the improvements made; a flow sufficient to fill a 
4-inch pipe was obtainable by lowering the level of the water in the spring 
basin 2 feet. 

The output has been sold for table use almost exclusively. The follow- 
ing analysis, furnished by the manager, J. P. Carson, of Richmond, shows 
a lower mineral content than the Fonticello and Bellfont springs, but the 
same type of mineralization. An analysis made thirteen years before, by 
Chas. H. Chalkley, agrees closely with the later analysis. 


Analysis of Holly Inthia water. 


(Froehling & Robertson, analysts. ) 
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Three miles south of Manchester, at Swineford Station, on the Atlantic 
Coast Line Railroad, is the spring formerly known as Swineford’s spring, 
and now called the Lion Lithia spring. It is owned by the Virginia Lithia 
Springs Co. It is a boiling spring, the water rising through coarse gravels 
in a terrace slope west of the railroad. ‘The flow, which is said not to 
vary with the seasons, is about 10 gallons per minute. Its temperature 
when measured, October, 2, 1906, was 63° F. The owners do not claim for 
the water, which is clear and bright, without color, taste, or smell, any thera- 
peutic value, but simply state that it is a good table water. Part of the 
output is sold still in carboys, part is carbonated and sold in bottles, and 
part is used for making ginger ale. The following analysis is recomputed 
from one furnished by the company. 


Analysis of Lion Lithia water. 


(Froehling & Robertson, analysts.) 





Parts per 1,000,000 


Sat Es LACTIC PRE TEL cin. fo ais sao ws StH Ee Gos eR Lae inks Db eeshs Pate teil | 
eR Ly EA Clos sche ics, Soe aie MED Be 4 See ET eee A ae On a 10. 
ee eia mn ey Be sd cae aide coe luis dom So Rp a daa s WNew eee Ovli 
NO eee (oui hal | GES ae Om ey SRP ra hermes ara ears ae ee 0.022 
UTEP TATED StSUUIE® MA Te eR Sy cae he BEE coe Weeks eked m, on 8! eee we weno foie 0.18 
ORCL (UME eta Ma U Safonau Siar Mw aoe ex TD os ENE 4 SLY 10 
OEE UG ARTE AVR eRe, TB ce Myer bs et tte elves eho gap ily wos wen asa 8 0.40 


LOOUATINTT EN JHE Gre acre eal Reh eee FOE 


POCHEIULIOD WON lee te aie © ea, eI ee ee etn tA i 3 Ron a MEN 3. 
Pet aaa WM eed Oho yh ci ete A ett e (Meme talws che kea teers a 1.2 
PNG OTS IN AAU ETL CREOe LER eh ai tk a ww sites d 3.9 
PGs OeIOIGMUE OT)! Sete Wage ee kes Oot eke tau oe 0.035 
STS Reo: Se UNTO ESE COU 00) age Dene ae ORS ee OT ea eens 4.1 
Ss rE GOO ET Di oS RAG In eee or a ane er 0.039 
ENE tem Ce GPM ole. cies so casera sek cig ee bee ake 3.6 
vagaries DOIG yO iio! as bs tw md Bee Seatac Oe Ror me 1 A eed ee trace 
LEV a SSnY ESR MET Up get et BOR ey cb Omen In, Ce eee ey ree trace 


Free carbon dioxide, 54 ¢. c. per liter. 


When the writer saw the spring there were no buildings above it for 
a considerable distance, and the chances of pollution were remote. The 
spring house had a tile floor, concrete walls, and an open roof. [From the 
basin the water flowed to the bottling house, a two-story frame building 
400 feet distant, which contained carbonators, automatic washing machines, 
ere: 

Four miles west of Manchester, in a shallow ravine, is a spring with a 
flow of 25 to 30 gallons per minute, known as the Beaufont. It issues 
from a cleft in granite, and is covered by a frame spring house with cement 
floor. The water, which is clear and without taste or odor, had, when the 
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spring was visited on October 2, 1906, a temperature of 57° F. It flowed 
through a tile pipe line to a bottling house by the roadside, 100 yards or 
more from the spring. Most of the output was said to be used in making 
ginger ale. The following analysis, furnished by the proprietor, has been 
recomputed to express results in standard form. 


Analysis of Beaufont Lithia water. 


(Henry Froehling, analyst.) 


Parts per 1,000,000 
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Phosphate*radiele (PO): 20. ca. ance sexe alert ee er pre a 0.04 
Chiorine’' YOU). it.) 20 Beno ieee kee oles oe ee 5.2 
LOdine) (T9 ieie e einivsoksin le cis ce ew: deel ewe © le ee 0.06 
BrOmMMe? (BI) oF ease ves chen boc ye ee oie waa eee ee trace 
Kree-varbon dioxide (UO0.,).... ie ee ee eee 37 ¢. c. per liter 


In 1906 the land about the spring was largely wood-covered ; there were 
no dwellings near, and pollution was improbable. 

Situated at Buckhead Springs Station, on the Seaboard Air Line Rail- 
road, about 144 mile east of Centralia, at the head of a run that empties into 
Proctor Creek, are the Buckhead springs, a group of three, with a total 
flow of about 24% gallons per minute. ‘The water, which comes from 
sandy beds in the Sunderland formation, is bright and sparkling, without 
taste or odor. ‘The flow is said not to vary in volume or temperature through- 
out the year. ‘The proprietor has taken strict precautions to insure the 
sanitary excellence of the spring surroundings. ‘The residences and farm 
buildings on a small area of level ground, a remnant of a high Columbia 
terrace, are about 300 yards from the springs. Concrete walls and tile 
drains about the springs prevent the entrance of surface water. The 
water flows from the concrete basin at the spring-house through an enamel 
pipe to an enamel filling basin in the bottling house, a frame building, 
60 by 20 feet, near the railroad track, where it is at once securely sealed. 
The output has a wide sale as a table and as a medicinal water. It con- 


Or 
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tains free carbon dioxide, hence is light and pleasant. The following 
analysis, recomputed from one furnished by the proprietor, Thos. S. 
Wheelwright, of Centralia, shows a low mineral content. 


Analysis of Buckhead Chloride Inthia water. 
(Froehling & Robertson, analysts.) 


Parts per 1,000,000 


SAA. CUED 2s ASE gene aa emis ee onto Laer Ok arr 43. 
RECS TEU EAC (ace Saad a, See Sty ae ae nS Re tas Sat A 7.4 
CEU PEE 8 ec 4-5 ola a iy Be) Sige © ey A ch a aie ahs dua, a 0.1 
RST CAT eee me os aig are tne, Se ara de ees aor 0.53 
Mee PNUISN UMS Cle PL Meade ah ae a CANS saad GOR eR EN a TN Stale olts 1.4 
RRMA EMNICL MANE ce of choad. cya ace id. oS Galea’ ss soa tenants Baws 2.5 
CMS EL ROLL: YMRS: tlie © BY a aa aida we ECR CAAPSES Cee « ete CUPRA, a els 3.6 
Pree CORME IS.) CRrieet ee). 28 oo haw ace Poteet takes «2 2.3 
ae URC LD Pee ae AN eas os sa ake! aan a Laveosfo gle eubhan sys ale CES ee cage anid 0.001 
Ree RLOME AEC IVETU FONE a ieh a) Me wd rade Wane yy bee a Mee as Peele. Wee 0.009 
Per Mee ESE Wtae s re BE dg Se Beier ew Cals Dey el eee Cate 0.02 
Eee LNG Gh UMM NG a co ink See)’ s va eh ctyal nuh /%, 426 ca op, oXard. Rea haha SOM oe faint trace 
ee er TaTOeT Ee PIUICLG) CEL Je Ve degre. ors IMIR «ache ac high GOs UnerS seat Oak 
SOUR se US LSI OL WEIS U] JUL R o de, Pe e-a Ud er ics eg he ae haan ed oh aos Ont2 
TT reer sO LINC Delbal ie. ey tg 6 en. wi Boy ven dada eel walurcia oxen tun oe 8.80 
PERT aieee BIC ea CC ha ts. 4 ..c: alka as Beier Sas se had coca ater’ 0.009 
COTY INCE URL ME trees ie ce tern. aise. ¢ x Vis Red akg atl Cel Sa ass BR a ed rie 


Free carbon dioxide (CO,), 15 c. c. per liter. 


About 5 miles south of Manchester, near Temple’s station, is the Camp- 
field spring or well. It is situated in a hollow. The water flows from a 
bed of gravel covered by sand and loam. The water is shipped to Rich- 
mond, Norfolk, and other points, and is sold for table and medicinal use. 

The following analysis is recomputed from that supplied by the 
company owning the spring. 


Analysis of Campfield Lithia water. 
(N. B. Tucker, analyst.) 








Parts per 1,000,000 


VATS SU AUIS con oe ae ORT SSA 2 ak ee TEM ae Sime ar aera en a PP ge 28. 
Deby erm a tO eR ya ee lan oS. a on oa: Gk deere te cues He Aca ky BE 5.3 
DSO eg ea ge Aer 8 ie) Ay eA cs Sheed. ow eye oe sos. erie ae eee es 
PS LEE AIN I  Joere ead eae a A od eke ei ee ae ees Sates Bs OauT 
DVT em ANAS) SOMES ta. oy OE Ae ack din hale's ubaigt.) ycila wisest He She. igl aie trace 
SU et VER ieee cece eure ie, oe Bo aNeea tne a bia oe ice 0.8 
VA eee INN ees at Poy. Shake. krny Fs Boh AS greene es + Shaders 0.9 
ers in ee ee eee te he Noh Lei Lrg aad! alg Sei Way» trace 
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A CLE TED VGN) vetlel ta hgencds Neale Ui Maa ea Rc thy aii eer aera ae or ieee trace 
Diggrnunavemnci cies | OO ay Yamada: 5s sbee'e = desl Tw ave haa 8.0 
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Analysis of Campfield Lithia water— (Continued). 


Parts per 1,000,000 


Sulphate *radicle (O02) 7) cas este tas alee a et ee eg 2.4 
Phosphate! radielegi PQ eae auenrke ok fae er es 0.03 
Chiorine (Ol) oat ei nee, DARL IOLA tebe gent ett Pia, eee ees 5.2 
Bromine '( Br} “5. we sat one 5 bee: 2 eee eee trace 
Lod bine (D4 - oc pied conch ae a ee trace 
ree, AINIMODIG. 925. os cw ee eee eee de Pea ee 0.002 
Albuminoid: ammonia apes ee ae ee eee eee oe 0.009 
Nitrogen °as) nitrates 4. bSA84 ooh s ot eens ere oes ene 0.0 
Nitrogen as “nitrites \.5 cow helene ee ee eee trace (?) 


Free carbon dioxide gas, 27 ec. c. per liter. 


Besides these springs several others in eastern Chesterfield County are 
or have been of commercial importance, including the Urquhart Lithia 
spring, 4 miles from Richmond, and the Rocky Run south of Wiseville. 
A partial analysis of the water from the latter, furnished by the proprietor, 
David Adkin, is appended in recalculated form. 


Partial analysis of Rocky Run Inthva water. 


(Analyst unknown. ) 





Parts per 1,000,000 
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WHOM Aen 


In the southern part of Chesterfield County are several springs from 
which water is or has been sold in Petersburg. One of these, the Patrol 
Oaks Mineral spring, three-quarters of a mile northeast of Ettricks, is a 
well rather than a spring. The water is clear, tasteless, and odorless; the 
flow is about 6 gallons per minute. | 

Another spring just north of the Powhatan highway bridge across 
Appomattox River is owned by a company and was once an important 
source of drinking water in the city of Petersburg. It is known as the 
Aqueduct spring. The water is still sold in the city, being delivered to 
houses at a nominal charge, and is the chief drinking water in Powhatan. 

There are several springs along the valley side near Powhatan, some 
of the water coming from the Pamunkey (the contact of the basal pebble 
bed of this formation with dark clays of the Potomac being exposed just 
below the springs), and some of the water coming from under the Columbia 
loam which hides the older formations. The water is tasteless and odor- 
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less, clear and soft, and the slope above the springs has been so sparsely 
inhabited that the possible contamination of the sources has not called 
for investigation. 

Wells—Dug wells are almost the sole source of underground water 
for domestic supply. There are few drilled wells. The large manufactur- 
ing concerns and the railroad yards in Manchester either use city water 
or pump their own supphes from James River. 


LOCAL SUPPLIES 


Manchester, now a part of Richmond, owned its waterworks in 1906 
and distributed filtered James River water. In the outskirts of the city, 
particularly to the west, are many shallow dug wells. The suburb of 
Swansboro, for instance, with a population of several thousand people, had 
no public supply system in 1906. The wells were dug through Lafayette 
cobble loams and decomposed granite, some obtaining water from the 
Lafayette and some from the granite. In places where firm granite comes 
near the surface more or less blasting has been done, usually with indifferent 
success. Where the cover of loam is thin, dug wells in such a thickly settled 
area are particularly liable to pollution; where 25 feet of loam, sand, and 
rotten granite are found above water, there is less danger; but wells 
should not under any circumstances be located within 75 feet of cesspoals, 
privies, and other sources of contamination, and should be properly pro- 
tected. In Manchester the local authorities have been closing dug wells 
as city service is extended. 

At Bermuda Hundred on the bank of James River dug wells average 
15 feet deep; the supply is not considered as satisfactory as that from 
springs, of which there are several along the foot of the low bluff facing 
the river. One of these, on property of the Farmville & Powhatan Railroad, 
has a bold flow of soft water, sufficient for the needs of several families. 

At Centralia dug wells go down 18 to 20 feet, and obtain soft water 
from Columbia sands and clays. 

There are in Chester about 50 dug wells 25 to 40 feet deep which get 
water from Columbia sands. Neither at Centralia nor Chester do wells go 
to hard rock. 

At [ttricks, just across Appomattox River from Petersburg, dug wells 
are 12 to 45 feet deep, averaging 20 feet. They are not sunk to rock, but 
get water of varying quality, mostly soft, from beds in the Columbia. 

Dug wells in Powhatan are sunk in Potomac and Columbia sands and 
gravels. They are about 20 feet deep, and some yield water of 
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suspicious quality. Much of the drinking water used is taken from the 
Aqueduct Spring, previously mentioned. 

Conclusions.—Satisfactory supplies for isolated residences and farm 
buildings can be had from dug wells. In thickly settled areas water much 
less liable to pollution can be had from drilled wells. Owing to the dis- 
section of the Coastal Plain formations by the gorge of James River, flow- 
ing wells are not to be expected. 


DINWIDDIE COUNTY. 


General description.—Dinwiddie County, formed in 1752 from Prince 
George County, lies between Appomattox River and Nottoway River. Only 
a narrow strip along the east line of the county, which contains the city of 
Petersburg, is included in the Coastal Plain. 

Most of this area has an elevation of more than 150 feet, and is included 
within the Lafayette and Sunderland terraces. Small patches of the 
Wicomico and lower terraces are found along Appomattox River near 
Petersburg. From an elevation of nearly 300 feet within a few miles of 
Petersburg there is an abrupt descent north to Lieutenant Run and 
Appomattox River, and a gentle slope southeastward. The southward- 
flowing streams which head in the divide, tributaries of Blackwater River, 
fow through swampy valleys. 

Geology.—Crystalline rocks underlie the Coastal Plain section of the 
county at no great depth. Potomac, Pamunkey, and Chesapeake beds are 
all exposed in the immediate vicinity of Petersburg, but elsewhere are 
usually hidden by the Lafayette or the Columbia formations. The three, 
however, may be seen along Livetenant Run. Potomac arkosic sands and 
cobble beds are exposed near the mouth of the run at the crossing of the 
Norfolk & Western Railroad; Pamunkey greensands are visible at the east 
end of the dam at the city pumping station; and light-colored diatomaceous 
clays and dark greenish sandy clays of the Chesapeake, full of clam and 
scallop shells, are to be seen along the run and in its bed as far west as the 
Seaboard Air Line Railroad. Both the Potomac and Pamunkey are barely 
thicker than feather edges near Petersburg. The Chesapeake overlaps them. 
and may have an extreme thickness of more than 100 feet at the eastern end 
of the county. 

UNDERGROUND WATERS. 


Occurrence and character.—All the Coastal Plain formations carry 
ground water, but the depths to the water table and the character of the 
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water vary greatly. The chief sources of supply are the Lafayette and 
Sunderland formations, though a considerable number of wells are sunk in 
the Talbot and Patuxent sands and gravels near Appomattox River. 

Springs.—There are numerous springs along hillsides and stream 
valleys, but they are usually small and of little importance, except for 
watering stock. No mineral springs from which water is shipped on a 
commercial scale are reported. 

Wells.—Dug wells are the principal source of supply. Throughout the 
rural districts wood curbing is commonly used, but near Petersburg many 
dug wells are curbed with brick or stone. There are very few deep drilled 
wells in the Coastal Plain portion of the county. 


LOCAL SUPPLIES. 


The public supply system of the city of Petersburg gets water from 
Livetenant Run. ‘There are, in the outskirts of the city, many shallow 
dug wells that vary greatly in depth and in probable freedom from pollu- 
tion. Some dug wells in the city are used for boiler supply and other in- 
dustrial purposes. 

The only deep wells reported are those of J. B. Worth & Co., near the 
river. They are 100 and 150 feet deep, respectively, and yield under a 
pump 50 gallons of water per minute, which is used for condensing because 
of its temperature, 59° F. 

Near Rowanta wells are 20 to 60 feet deep, most of them being about 
25 feet. The deeper wells in this part of the county go through the Sunder- 
land formation and get water, which is apt to be hard, from shell marl 
beds in the Chesapeake. 

Conclusions.—In the rural districts dug wells not near sources of pollu- 
tion, if properly protected against the entrance of surface impurities, will 
yield satisfactory supplies. In the city of Petersburg and its more thickly 
settled suburbs drilled wells are preferable for sanitary reasons. Flowing 
wells are not to be expected anywhere in the county. 


ELIZABETH CITY COUNTY. 


General description.—Elizabeth City County, formed in 1654 as one of 
the eight original shires of the Virginia colony, covers the tip of the 
peninsula, the strip of land between James and York rivers. The county 
contains the towns of Hampton and Phcebus, and the military post of 
Fort Monroe, near Old Point Comfort. At Old Point Comfort is the 
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Chamberlain Hotel, a famous health and pleasure resort; near Phcebus is 
a National Soldiers’ Home; and at Hampton is the Hampton Normal and 
Agricultural Institute. 

The county has a flat ill-drained surface, most of it being within the 
area covered by the lowest of the Columbia terraces, the Talbot. Eleva- 
tions of about 30 feet are found in the low terrace along the Warwick 
County line. This plain grades very gently east to the salt marshes and 
mud flats of the shores. 


(reology.—The yellow, buff, and gray loams and sands of the Talbot 
cover practically the entire surface of the county. The maximum thick- 
ness of the Talbot on the east side of the county is uncertain, but may 
amount to 50 feet. Below the Columbia he Chesapeake, Pamunkey, Upper 
Cretaceous, and Potomac beds. The base of the Chesapeake beds on the 
east side of the county is about 600 feet below sea level. Beneath are about 
150 feet of Pamunkey, 500 feet of Upper Cretaceous, and 900 feet of 
Potomac beds, the crystalline rocks lying perhaps 2,250 feet below sea level. 


UNDERGROUND WATERS. 


Distribution and quality.—The water table lies near the surface, and 
dug and driven wells get water at from 5 to 15 feet. The quality of the 
ground water is variable. Along the shores wells are liable to become salty 
under heavy pumping, and where the surface loams and sands are thin, 
wells go down into shell beds which yield hard water. The Chesapeake 
sands are uncertain water-bearers. ‘The sands are local and seldom yield 
free flows. ‘The water is iron-bearing in the upper beds and brackish in 
the deeper ones. 

Springs—There are no springs of commercial importance in the county. 
Most of the so-called springs are very shallow wells, dug in hollows where 
the water table is but a foot or two below the surface; many used for stock 
and household purposes have unsanitary surroundings and are liable to be 
badly polluted. 

Wells—Dug wells are mostly used, but there are many driven wells in 
the county. The deep drilled wells have been mentioned in the discussion 
of the Norfolk-Newport News area on pages 97-116. 


LOCAL SUPPLIES. 


Hampton obtains water from the Newport News Light & Water Co., a 
corporation that supplies surface water from a watershed in Warwick and 
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York counties to Newport News, Phcebus, the National Soldiers’ Home, 
Hampton Normal and Collegiate Institute, and Fort Monroe. Within the 
corporate limits of Hampton are perhaps 3,000 persons, of whom fully one- 
half used this water in 1906. Another company, the Peninsula Pure 
Water Co., proposed to supply Hampton, Phoebus, Old Point Comfort, and 
the lower part of the county generally. The water was to come from ponds 
near Bethel, 9 miles from Hampton. 

In the suburbs of Hampton about nine- ays of the population use 
driven wells which get water at 10 to 12 feet in blue and white sands and 
marls. Much of the well water in Hampton is too hard for laundry use, 
while that near the shore is brackish; hence there are many cisterns. Near 
the Courthouse a well, elevation about 5 feet above mean high tide, dug for 
fire protection, is 25 feet in diameter and 22 feet deep; it passed through 
marl for 16 feet. It is now used for watering horses. 

In the suburbs of Hampton some dug wells were still used as a source 
of drinking water in 1906, but their use was condemned by local health 
officials. 

At Hampton Normal and Collegiate Institute most of the water used 
is supplied by the Newport News Co. There are several dug wells 10 to 15 
feet deep, cased with 16-inch tile. The elevation of the Institute grounds, 
which border a tidal inlet, does not average over 5 feet; hence the well 
water has a high chlorine content. It is examined frequently for indica- 
tion of possible contamination. The following determinations, made by 
W.S. Sweetser of the Institute, show the character of water from the better 
wells near the shores of lower Elizabeth City County. 


Analyses of water from wells on grounds of Hampton Normal and 
Agricultural Institute. 
(W. 8S. Sweetser, analyst.) 








Location of well Parts per 1,000,000 
| Chlorine | Total solids 
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A well just outside the Institute grounds, close to the shore, gave water 
which contained 111 parts of chlorine per 1,000,000, but this water was 
pronounced dangerous. 


aHigh in nitrates; not used. 
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A 12-foot well dug on the Hemenway farm 6 miles from Hampton on 
Back River obtains water from a marl bed. The well is about 500 feet 
from salt water; the elevation is 6 feet, and depth to water 3 to 6 feet. The 
following partial analysis was made by the chemical laboratory of the 
Institute. 

Analysis of water from well on Hemenway farm. 
(W. S. Sweetser, analyst.) 


a: 


Parts per 1,000,000 


Galeium: (Cais Ale wee eee OE eee hh Le ee ein fee 188. 
Magnesium 14 Mig) eats ie sh 0e aati Oily as ake kek a ee eee 16.5 
Sulphates “na SOs ses ca wee Mosca ceeniae poste s eam nena cre aor a tae 32. 
Total hardnessjvas (CaCO oe 2s cs it. Sc ee eee eee 38 .4 
GChIOTING A245 oe ok a aie c e e  eeee a e 113. 


The Soldiers’ Home, officially designated the Southern Branch of the 
National Home for Disabled Volunteer Soldiers, is just outside the 
municipal limits of Phoebus. Over nine-tenths of the water used is ob- 
tained from the Newport News Co. A few driven wells about the grounds 
furnish drinking water. Cistern water is used for flushing, and salt water 
for flushing and for fire protection. 

In Pheebus there are many driven wells 13 to 15 feet deep which get 
water in Columbia gravels, under quicksand and yellow loam. The water 
is generally hard, but is used for all household purposes. In 1906 probably 
three-fourths of the population used such wells, the remainder taking 
Newport News water. 

The Hotel Chamberlain uses some 60,000 gallons of water daily, about 
half of which is furnished by the Newport News Co., and half obtained 
from two dug wells 10 feet in diameter and 14 feet deep just outside the 
municipal limits of Phcebus on the Soldiers’ Home grounds. ‘The eleva- 
tion of the surface at the wells is 8 feet above mean high tide. The wells 
are bricked, and the water rises from sands of the Talbot formation, normal 
water level being about that of mean high tide. Hither well can be pumped 
dry in two hours by a 4 by 6 inch duplex steam pump running 60 strokes 
per minute, and to get the most water the wells are pumped together about 
8 hours out of the 24. The wells were dug for the old Hygeia Hotel, which 
had to get water by boat from Norfolk. The well water, though slightly 
hard, is used as it comes from the well for all purposes except drinking; 
for drinking it is distilled. The flow from the deep artesian well at the 
hotel (see page 105) is used for flushing only. 

At Fort Monroe three attempts to get good water by deep drilling ended 
with the well sunk to granite in 1902 (see page 100). About 1894 the 
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Government drove a series of wells on the mainland from which water was 
pumped to the fort by a pipe under the creek. The supply was satisfactory 
for a while, but other wells were driven nearby the city of Phoebus, and 
under heavy pumping the wells all became salty and were abandoned. In 
1906, the post used for all purposes about 300,000 gallons of fresh water 
daily, supplied by the Newport News Co. Salt water is used for fire 
protection. 

Conclusions—Dug wells in places where the water table lies as near 
the surface as in Hampton County are peculiarly liable to be polluted, 
and their use on landholdings as small as the average house lot is altogether 
objectionable. Driven wells that go at least 10 feet below the water table 
are much to be preferred. The prospects for getting water of good quality 
by deep drilled wells in the eastern part of the county are decidedly un- 
favorable. 


ESSEX COUNTY. 


General description.—Essex County, formed in 1692 from Rappa- 
hannock County, lies on the south side of Rappahannock River, in the 
western part of the Coastal Plain. 

Topographically the county resembles many other counties of the 
Coastal Plain. A high terrace, the Sunderland, with a slightly rolling sur- 
face, forms the divide between Rappahannock and Mattaponi rivers. Near 
Rappahannock River this terrace is deeply cut by creek valleys. Where the 
Wicomico terrace is missing bold headlands of the Sunderland overlook the 
river, and are noticeable features of the topography. The height of the 
Sunderland plain at the northwest end of the county is about 180 feet; at 
the southeast end about 150 feet. 


Underlying the loams and gravelly beds of the Columbia terraces, the 
sandy and diatomaceous clays, clayey sands, and shell beds of the Chesa- 
peake group can be seen in many road cuts. The basal part of the Chesa- 
peake carries many indurated layers from a few inches to a few feet thick 
that are a source of trouble to well drillers. The dark greensand marls of 
the Pamunkey underlie the Chesapeake, but are not exposed at the surface 
anywhere in the county. ‘The top of the Pamunkey is near sea level at the 
west end of the county, and 300 feet below at the east end. 


UNDERGROUND WATERS. 


Character and extent.—The chief sources of ground water are the sands 
of the Sunderland and Talbot terraces. Wells in headlands of the Sunder- 
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land formation,.near Caret, Upper Mount Landing, and Dunnsville, are 
50 to 60 feet deep, while back from the valley front and away from stream 
gulleys, as at Center Cross, are wells 15 feet deep or even less. On the low 
terraces along Rappahannock River dug wells are 10 to 25 feet deep, and in 
the lowlands at the head of Pianketank River are even shallower. ‘The 
quality of the well waters varies greatly. The waters from the Columbia 
formations are generally soft and low in iron, but wells that strike the 
Chesapeake shell marls, either near surface or beneath the Columbia, get 
hard water. 


Springs.—Springs are abundant, but only a small proportion are used 
for household supply, and none is of commercial importance. Practically 
all the springs are of the usual Coastal Plain type and most of them flow 
from the contact between the Chesapeake sandy clays and the clean, sharp 
sands of the Columbia formations. 

None of the springs is now of commercial importance, though two 
have attracted attention. One of these, near Dunbrooke, is situated in-a 
little hollow. Iron crusts lie about the spring and the water rises from a 
bed of sand in the Sunderland formation. The water is perfectly clear 
when fresh, but contains iron enough to leave a slightly yellow deposit 
about the spring. It has some local repute for medicinal value, but lack of 
convenient transportation facilities has retarded efforts to put it on the 
market. 

Two springs, one of which was formerly a resort, are on land near 
Meade, owned by Charles C. Tombs, and now used as a camp-meeting 
ground. One is called a sulphur, the other a lithia spring, but both are of 
the same type and the waters are much alike. Meade camp-meeting ground 
is on the Sunderland plain in a grove of young hardwood. Spring-fed 
tributaries of a creek are eating into the plain, and just south of the 
camp-meeting grounds one of these has made a gulley some 40 feet deep. 
At the head of the gulley is the so-called lithia spring. It trickles from 
between dark greenish Chesapeake clay and overlying gray sands and iron 
crusts at the base of the Sunderland formation. The flow is not large, 
possibly two gallons per minute. In 1906, a shallow basin, 5 feet long, 
with wood sides, was the only improvement at the spring. ‘The water is 
soft, contains a little iron, and is clear and odorless, with a very slight “iron” 
taste. The thickness of the overlying loams, the excellent surface drainage, 
the short time the grounds are frequented, and the sanitary precautions 
taken should keep the spring from becoming polluted. 

The other spring, situated at the foot of a slope on the west side of the 
camp-meeting grounds, is now known as the iron spring but was called a 
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sulphur spring. It flows from sands beneath a ledge of iron-stone near the 
base of the Sunderland formation. The water is perfectly clear and color- 
less in the basin, but contains a little iron, as is shown by yellow stains on 
the wood trough. It is said to have had a decided “sulphur odor,” but this 
is now barely perceptible. Sixty years or more ago this spring was made a 
resort, and a hotel erected. The improvements have disappeared, and, 
though the water has a considerable reputation as a remedy for various 
complaints, it is not sold, though more or less is taken away by visitors. 
Field assays of the water of the two springs are given in table 6. 

Other springs of note from their size, quality of water, or improve- 
ments, are owned by Armistead Ransome, of Dunnsville; J. H. Allen, of 
Layton; and Clayton Stafford, of Bowler’s Wharf. Mr. Ransome’s spring 
is said to flow 30 gallons per minute of soft water. The water from Mr. 
Allen’s spring was once shipped to Washington, D. C., for use by a druggist. 
Mr. Stafford’s spring flows 8 gallons per minute of clear water from the 
base of the Sunderland scarp. It is equipped with a hydraulic ram for 
household supply. 

Wells.—Dug wells are the chief source of supply. In the Sunderland 
formation they are usually curbed with wood for 16 feet at the bottom; in 
the Talbot they are often curbed to the top. 

Wells drilled deep enough to reach the water-bearing sands inter- 
stratified with rocky layers at the base of the Chesapeake are numerous 
along the Rappahannock River, there being fully 30 in the town of 'Tappa- 
hannock alone. ‘They are mostly bored to get flows sufficient for domestic 
use, hence are of small diameter, usually 144 inches. The reported depths 
vary from 250 to 270 feet below mean high tide; the reported heads vary 
from 10 to 30 feet above it. 

LOCAL SUPPLIES. 


At Tappahannock many dug wells get hard water at 12 to 15 feet. 
Nearly all the water now used for domestic purposes is obtained from flow- 
ing wells that strike sands underlying “rocks” at the base of the Calvert 
formation at a depth of 270 feet below mean high tide. The wells are 
mostly 114 inches in diameter with a 2-inch casing driven through the 
Columbia sands and loams into the Chesapeake clays; the later wells fre- 
quently have a 34-inch pipe to the bottom. The elevation of the terrace on 
which the town stands is 28 feet, but the flows, which vary with the tide, 
are usually small, from 1 to 2 gallons per minute. At no place in Tide- 
water Virginia, however, is there more economy in the use of water. Some 
wells supply two and even three houses, the water being piped in some 
instances several hundred feet, either directly from the well or from a tank 


166 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


at the well. There is no public supply system, but, as a safeguard in case of 
fire, a number of masonry tanks have been constructed by the town which 
are kept full by the overflow of certain wells. 

The water is clear, and, though containing more lime than some Chesa- 
peake flows, it is soft, adapted to all household purposes, and an admirable 
table water; a slight “sulphur” odor quickly disappears when the water 
stands in an open vessel. The temperature at the well mouth averages 
61° F. A canning factory and a large pickling house use the water. 

There are about 30 wells in or near the town, and, according to the 
driller who has sunk most of them, the succession of materials is as follows: 


Generalized section at Tappahannock. 
(Authority, O. D. Hale, driller.) 











- |'Thickness | Depth 
Material (Peet) ( pes t) 
ee 
Sand. and light’ clay 23.05. tate oy oka oer. 6 age ee | 65 65 
Blue clay with rock layers % inch to 6 inches thick; a little 

water at 135° feet a fico ita Bein o ore wo ee tes ae | 135 180 
Mixed clay ‘andjsand’ 4... Wala See ie on oo eee ee ae 93 273 
Thin crust of shell rock; variegated sand below; water-bearing 1 274 





A noteworthy feature of the Tappahannock wells is the cypress “logs” 
which drillers report at about 60 feet; some of them, said to be several feet 
thick, cause much trouble in drilling. 

Of the individual wells, the one at the pickle house of Donaldson & 
Shultz has the freest flow; it is on the river edge, and the mouth of the 
well is only 4 feet above tide. The flow in 1906 was 51% gallons per minute, 
but is said to have been 12 gallons. Another good well is at the residence 
of B. P. Brockenborough on the edge of the terrace overlooking the river. It 
is cased with 2-inch pipe to the bottom, 272 feet, and has a 3-inch casing 
down 150 feet. The water, which is said to rise 16 feet above surface and 
more than 30 feet above mean high tide, is piped to the residence. 

The following partial analysis of water from the well of R. T. Cauthorn 
shows how free from organic matter is the water from the principal water 
bed. Field assays of water from wells at Tappahannock and other places 
are given in table 9. 


Partial analysis of water from well of R. T. Cauthorn, Tappahannock. 
(G. H. Lehmann, analyst.) 


Parts per 1,000,000 
Total solids. 2p aA Re ee ee re ee ee ree eee 494. 
Volatile: matter 23> bebe he it eae oe ee eee 48. 
Chioring >... eae 28 Sete Sie ote le Sere ae tac a oe 1.93 
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Partial analysis of water from well of R. T. Cauthorn, Tappahannock— 


(Continued). 
Parts per 1,000,000 
POR eUaaee Cee Te MOMIG,. ne cera nia ere megs as ee acne 6 eon 0. 
DEromrire oe ea INUMINOIC “AMMONIA, «pesca sie ee ops Sw vs 0. 
Ut RE a ELeTRE GE ELLOS ee ceca foun (etter aia te SM i eR eae on Aa Fs 0. 
PERELOP OIee ee IU ILO Cet ea cn Me a ead ak 4 tak a eps 3's 0. 
SEWAGE Eg OIE SoS AD RIE RE MIS Ine Oh PMs aN 34. 
UH ATL EESS ol ONG eR Ser eae RMR ae ae ec ARIE FF St VR dad 25. 


Just north of Tappahannock, R. B. Brockenborough has four artesian 
wells at his large stock farm. One of these, at the manager’s home, is used 
for domestic purposes; the other three, at barns and outbuildings, are for 
watering stock. In volume of flow and quality of water the wells resemble 
those in the village of Tappahannock. Up the river there are wells at the 
farms of J. P. Taliaferro and C. B. Mallory, southeast of Caret, and still 
farther upstream are those of Joseph Baker, J. H. C. Beverly, Mrs. M. 8. 
Sale, and H. K. Baylor, all of which tap the same water bed. 

West and south of Tappahannock artesian wells on Hoskins and 
Piscataquis creeks and along the Rappahannock include those of John 
Bradley, G. F. Croxton, and J. L. Kriete. 

The first important group of wells down the river is at Ware’s Wharf, 
where there are 5 which, though shallower than those at Tappahannock, 
going to an average depth of 185 feet below sea level, yield water of the 
same general character. The flows at individual wells vary with the tide, 
but range from 1% to 2 gallons per minute, with heads as high as 16 feet 
above sea level. The following record of one well was given from memory. 


Record of well of Rk. L. Ware estate, Ware’s Wharf. 
(Authority, R. L. Ware.) 


‘Thickness | Depth 








Material | (Feet) (Feet) 
Pig CemGOll seme Me OC eSANC pikes 46d wtlt scien Se Gi. Ab ale Wey ances: 30 | 30 
WW ARS Beek dR 8 a SA ea eae ere eran eae arr ce 140 170 
eG ete ee tk Sl red Shank ghee gw tne bt piel ele ood | 35 205 


Another important group of wells is at Bowler’s Wharf, 3 miles below 
Ware’s Wharf. Here 10 wells get water from varying depths, the main 
flows being at about 165 to 180 feet below mean high tide. The water- 
bearing sand contains many rocky streaks, and the flows of nearby wells 
differ, the distribution of these impervious layers being a determining 
factor. Above the main flow is a weak one at about 130 feet, and below the 
main flow is another at about 240 feet. The record of the well drilled at 
the steamboat wharf ran about as follows: 
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Record of well of Garrett & Hunt, Bowler’s Wharf. 
(Authority, I. W. Hunt, owner.) 


Thickness ; Depth 





En (Feet) (Feet) 

Water vig. ds Seca to tye oh te Oi ae Cie oa 10 10 

Sand/and pravels 2. Gamdse <b sce see os wee Bir apes te Ren 15 25 

Blue clay “with shella 205023 vette ss wiee ns ene nea 123 | 148 

Sarl” eae pe eense la eh Toa gph gece BES re Et eo ce 1 149 
Strata of rock 1 to 9 inches thick and 6 inches to 4 feet apart; 
blue mud and shells, gray and red sand, and gravel between 

rocks; increased flow with each sand bed penetrated....... 18 167 


This well, situated at an oyster house on the end of the wharf, flows a 
full 2-inch stream, 30 gallons per minute, at an elevation of about 5 feet 
above mean high tide and has a head of over 15 feet. It is one of the finest 
wells on Rappahannock River. In 1906, the flow was used as a table water 
on the steamboats plying between Fredericksburg and Baltimore, and for 
washing oysters. 

Another fine well, at the canning factory of the Claybrook & Neale 
Packing Co., has a larger flow than that of Garrett & Hunt, namely, 45 to 
50 gallons per minute at 5 feet elevation. Another well, with a flow of 17 
gallons per minute at an elevation of 10 feet, is used by C. P. Garrett. 

On the river shore 3 miles south of Bowler’s Wharf, two wells have been 
drilled near a canning factory owned by Latimer Kriete to depths of 190 
and 195 feet, respectively, and reach the same horizon as the wells at the 
wharf. One of the wells has a head of 30 feet above mean high tide, and 
flows 32 gallons at an elevation of 4 feet; the flow of the other was reduced 
by an accident in drilling. In a boiler the water has a tendency to foam 
and is said to form a white scale. 

Just below Mr. Kriete’s house, which stands on a projecting headland 
of the Sunderland terrace, a well was drilled to a depth of 300 feet, but, as 
the surface elevation is fully 65 feet, no flow was obtained. 

Near Jones Point, 7 miles below Bowler’s Wharf, are several flowing 
wells. One of these, owned by Garrett & Taylor, is 144 inches in 
diameter and 221 feet deep. It flows 20 gallons per minute at 5 feet above 
mean high tide. The following record is reported: 
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Record of well of Garrett & Taylor on Jones Point, northwest of Butylo. 
(Authority, I. W. Hunt, driller.) 








. Thickness | Depth 

Material (Feet) (Feet) 

ReMi BU eRe SEAS SE. 5 5cty. moss » igen Miers agent koe, Pie Sei wites 15 15 

Oe ee I Eg eR Se Re ap oo Ae ore 3 18 

Delite Hrutiewirie DOs OLiark snc Se hE tee ee hs 107 125 
Alternating layers of sand and rock; 22 rocks in all: first 

flow of water at 127 feet; main flow at 181 feet........... 106 231 


Of the villages in the country using dug wells as sources of supply, 
Center Cross is one of the most important. ‘The wells are sunk in the 
Sunderland formation to depths of 15 to 35 feet, and as a rule yield sof* 
water. Information regarding dug wells at various places in the county is 
given in the following table: 


Details of dug wells in Essex County. 


Depth of | , 

Location well | Water bed Ryaley ins 

(Feet) | | water 

PR eee eae let Le 20-60 tral eee Pte Soft 
TTC ee es ain eS 32-80 Weak Marea. dee Soft, hard 
PO CCM Ree ats a eSBs fo es ak a 8 25-48 ear? MA er 8G,» tid Si dinar tesa tre 

ROCHE LOR me tepid go ctiv eles a, a/d (550.0 | 12-60 ‘Loam and sand} Soft 
PEST e OPE Pela gs c’p ae hse bs Poe Meee Se eee GR PRs stele hire 
TN OT MaIE he ete ae aS of paints ois i 15-30 ROStTELL (palin Mugs doh warce ee". 
LR re a ea inane agen a rae 2 Oe ae Be NS Pet a eae Me Ns asec held «= 

DAR CL CL aren eer. en ge A ea he ota 3 TS mats de tres CT. 65 Soft 
LOU eet OP Tey Aer i a. bans te 2 10-60 anit eter Le We edie ss.: 
Ra OME nea ese Mens cele 8k S/o Sac Pa UT) Ar Oe Us Sr a nD Wn ee 
1 UIT Og cot aie ie abt Ws al ae nae aa a 20-50 S570 ig a Meer es ee Pe 











Conclusions.—Dug wells on high ground, if precautions are taken in 
locating and protecting them against the entrance of surface impurities, 
will yield satisfactory supphes. On the low terrace along Rappahannock 
River and its tributaries, flows of excellent water for domestic use can be 
had at comparatively low cost. There is a possibility of getting flows along 
Pianketank River, but the chances for flows at over 30 feet above sea level 
are poor. Flows of good quality and of equal or larger volume can un- 
doubtedly be had from sands below those already developed. 


FAIRFAX COUNTY. 


General description.—Fairfax County, formed in 1742 from Prince 
William County, is in the northern part of the State, and is bounded on 
the east by Potomac River. The Coastal Plain portion along Potomac 
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River is about 16 miles long, but nowhere more than 6 miles wide. In it 
is Mount Vernon, the residence of General Washington. 

The topography is rolling and broken as a whole. Along Potomac 
River are some nearly level stretches on low terraces, with elevations of 
20 to 60 feet. Along the deeply scored sides of the Potomac valley, 
at higher elevations, are remnants of older terraces. An inlier of the 
Lafayette formation covers a considerable area north of Weddeburn and 
Dunn Loring, and caps the highest point in the county, Peach Grove Hull, 
at an elevation of 500 feet. The principal creeks in the Coastal Plain sec- 
tion of the county, Cameron Run, Accotink Creek, and Pohick Creek, are 
8 to 15 miles long. 

Back from the river the crystalline rocks are exposed in creek beds and 
on the valley slopes above. Near the river the sands, gravel beds, and clays 
of the Potomac group outcrop. The contact between the crystalline bed rock 
and the Potomac dips east fully 40 feet to the mile, so that at Mount 
Vernon the Potomac has a thickness of 525 feet. The Patuxent formation 
with its characteristic arkosic sands and dark clays includes fully 350 feet 
of the total thickness of the Potomac. 

The maximum thickness of the Lafayette formation on the inher north 
of Dunn Loring may be 40 feet. The Columbia formations vary in thick- 
ness from a thin edge to more than 35 feet. 


UNDERGROUND WATERS. 


Occurrence and character.—The decayed top of the crystalline rocks 
and the Potomac, Lafayette, and Columbia beds above contain ground 
water. ‘The depth to water and the quality of the supplies vary greatly 
with the location of the wells and the character of the formations pene- 
trated. One well may find plenty of water in Columbia gravel within a 
few feet of the surface, while another on a nearby slope, where the Columbia 
beds have been removed, may have to go deep into the Potomac beds or the 
granite to get a sufficient supply. 

As in other counties along the “fall line,’ the water from the Lafayette 
and the higher-lying formations of the Columbia group is generally soft 
and slightly mineralized. On the lowest of the Columbia terraces the 
ground water in some places contains much iron; in others, it is excellent. 
The Potomac sands contain much water, but the sands that yield water 
freely are of irregular extent and the quality of the water varies. On high 
ground the crystalline rocks as a rule carry good water. 
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Springs.—Springs are numerous, but most of them are of small flow; 
only a few are of fair size. The waters are usually soft and pure and are 
often used for household purposes. From a few springs water has been 
shipped, but none is now of commercial importance. 


Wells—Dug wells, the main source of domestic supply, are frequently 
lined with stone and brick. Some are cased with large tile. Depths to 
water and the yield vary widely. Many wells are so situated and protected 
that there is little chance of pollution; others, particularly some on level 
stretches of the lowest terrace, have insanitary surroundings. Nearly all 
the drilled wells are 6 inches in diameter. Those on the lowest terrace get 
water from sands in the Patapsco or Patuxent formations of the Potomac 
group. ‘Those on the high ground go into decayed or solid granite or 
gneiss. On the high ground no wells over 200 feet deep have been reported, 
but there are several of greater depth near Potomac River. The yield of 
the deep wells on high ground is seldom large, but nearly always sufficient 
for domestic purposes. Of the wells sunk on low ground to the Patuxent 
sands some yield large supphes, others only enough for the needs of a 
household of average size. 

LOCAL SUPPLIES. 


At the military post of Fort Hunt on Potomac River, 8 miles below 
Alexandria, all the water used is obtained from an 8-inch well sunk to a 
13-foot bed of white sand in the Potomac group, 202 to 215 feet below the 
level of the terrace. The following record was obtained by Darton: 


Record of well at Fort Hunt. 
(Authority, W. C. Miller, driller.) 








| Thickness | Depth 








Material | (Feet) (Feet ) 
ee Oe On eV OR ene is cy Gag Ss hi des ed aes ont, 4 | 24 24 
TRG a EER PN oR eg oes ae nity ge Pen ET Ae es ls ee 15 39 
Meayyecand ancegravel, with little water ... 0.2200. iaek i. es. 5! 42 
Red, blue, and yellow clays; streak of sandy blue clay with 
PUR ON WROTE oa Ca TOOL, on Wikies we suc je del tiviel a o's wee wien 3 80 122 
Sele RG COUP PRE STi SRE aon oan 80 202 
‘Coarse white sand with large supply of good water rising 
Wards Ae SPEC E MOL SRUTIACO. Siti das cies oui Ogio 1d Bde rindeh, dyueg hs 202 215 





Pumping 53 gallons per minute lowers the water 15 feet. The water is 
pumped by an air lift to a cistern and is forced thence by a steam pump 
to a tank on a steel tower. ‘The water is colorless, tasteless, and odorless. 
According to W. New, of the U. S. Surgeon-General’s Office, the mineral 
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matter is chiefly sodium sulphate with traces of calcium, magnesium, and 
iron salts. A partial analysis showed 342 parts of total solids and 5.14 
parts of chlorine per million of water. 

About a mile southwest of Fort Hunt, at the residence of Dr. Bliss, is 
a 65-foot drilled well that gets soft but slightly iron-bearing water from a 
Potomac sand or gravel bed. Dug wells in the vicinity get water from 
Columbia loams and sands at depths of from 15 to 25 feet. 

A mile northwest of Fort Hunt, at Riverside Park near the mouth of 
Little Hunting Creek, on property owned by the Riverside Brick Co., are 
two 6-inch wells which get water from Potomac beds. They are said to be 
over 100 feet deep. Neither gives a flow, the elevation of the surface being 
about 20 feet. Hach affords a fair supply of good, though slightly iron-bear- 
ing water. Near Hunters station, on the Washington, Alexandria & 
Mount Vernon Railroad, a drilled well gets good water from a bed of white 
Potomac sand at 165 feet. 

At Arcturus station, on the same road, household supplies are obtained 
from dug wells. The deepest of these, about 30 feet, owned by H. C. Pill- 
ing, strikes a bed of sand and mud containing “logs,” and yields water high 
in iron. A gasoline engine pumps the water to a tank. 

At Mount Vernon water for domestic purposes is obtained from an 8- 
inch artesian well 525 feet deep. The well is near the edge of the river, 
the well mouth being about 7 feet above high tide level. Little water was 
found in the basal beds of the Patuxent formation, and the casing.was 
pulled back. The present supply, which rises within 6 feet of the surface, 
its level fluctuating with the tide, comes from a sand and gravel bed at 345 
feet. The following log, kept by W. H. K. Shannahan, the driller, was 
furnished by William Archer, of Mount Vernon. 


Record of well at Mount Vernon. 
(Authority, J. H. KK. Shannahan, driller.) 


Thickness | Depth 





Material (Feet ) (Feet) 
Blueand. red. clay. 25. Fe fay ak SR ee ee ee 10 10 
Gray elaye oe ecg 8 ale ea a Lari gala ie eal ees 15 25 
Hard green and ‘blic ela yn cate. ccs 5 oP | 25 50 
Hard: green, blue, and brown Gla ya. 4 vines Vee eee eo 25 75 
Sandy Drown Clays ys ao. ees ae eee epee emir ae te 25 100 
Coarse green water-bearing sand; bad water, has the odor of 
marsh water; (very Unpleasant. .Saweees a vates eee eee 25 125 
Brown and green clay and gray sandy clay ................. 25 150 
Marslt» clay 15.4 ie. ew eee, ni ne ee ce 50 200 
Very hard and dry brown, green and blue clays.............. 100 300 
Light; green ‘sandy clay? 2t Paatsem eae ye fee ae ee 25 325 
Light green sand, water-bearing below 340 feet, source of 
present. supply: 37. ss: . wae oer Re aca te has wags eae Ot 25 350 
Clays n..es oes 3 2 atte ae a Os eke ao vee ata en ee tire 165 515 
Sand, little or no water, and that sulphur-bearing........... 10 525 


Bed! roel’ «0.26 in S80 Fea oe a ee ee 525 
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The water supply is good. A steam pump lifting 50 gallons per minute 
from the well to a tank on top of the bluff, 175 feet, lowers the water 
about 9 feet. The water is soft and works nicely in a boiler, making little 
scale. 

Water for washing, flushing, and greenhouse use at Mount Vernon is 
obtained from springs developed by drains along the face of the river bluff. 
The mode of development is described on page 62. 

On Sandy Point a deep well was sunk for H. L. Cranford some years 
ago. The following record has been published :¢ 


Record of well on Sandy Point, 2 miles southwest of Gunston. 
(Authority, L. W. Shepard, driller.) 


Thickness | Depth 





Material (Feet ) (Feet ) 
eA ILCRA HOM YOLOWECIA VY Me Jetosies vale iis s vie ble ERE Ded ate eed we ole 20 20 
EE REAL CBW QOD S TOTICIC Suis 6i 55,5: om pie > ogee Beaute EF slots me 80 100 
Pee TUE RAN WV DUCE acs 6.6 ates os os de oa eae es okies ore 15 115 
TOA i Foe Suk ietl Goo. IAS Re aaa a eas eh oe AR 15 130 
eae ACERT CW ACTS Bis ee Sal dal owes. Bonne aye hate medi Aarons 10 140 
IAS 9 seh eimai BP penal I ere eae ain 10 150 
PeUPOR DO FANT CIA VS LWALEE Ts, ue Poca ee wae re cece eh bee 60 210 
ne el at RR ee eat oy oo sos: Blais a ieliniape Wow eee etie wana oe as 20 230 
CREEL ESI 2 TG 20 85a ca SY ges Se ge a 25 255 
Le UMMC MEA CRY MAGN eT, Wear tite Fo EM Se Na chats oe ee ols es Alt 9 264 
PEC DED DIES pt MLO TIL CMa ruth falc, sacle Sifeainis seni aint eri dives ot b te doe 6 270 
ee Ne rho) ongee dig 4 ony 4's ew oS. se ve en 15 285 
Seer Oe Waller Mere es: Seeds cle a ae OR AR eS 5 290 
PEC Aen eet ee OE PAS PEE. chy Saleh tk jh Fathi «.cteyeets Atel asthe a] 270 560 





The well was dynamited at 265 feet. The water from this point rose 
within 24 feet of the surface or about mean high tide level, and, according 
to the driller, showed tidal fluctuations of 3 feet. 

Near the village of Accotink dug wells vary from 15 to 90 feet in depth, 
according to location, and get water of varying quality from Columbia and 
Potomac sands and pebble beds. The deepest of these dug wells is owned 
by J. P. H. Mason. It is on a hill 144 miles north of Accotink and about 
180 feet above tide level. The well, which is 91 feet deep, went through 
these materials. 


aDarton, N. H., Artesian water prospects of the Atlantic Coastal Plain, Bull. 
U. 8. Geol. Survey No. 138, p. 178. 
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Record of dug well one and one-half miles north of Accotink. 
(Authority, J. P. H. Mason, owner.) 


Thickness | Depth 








Material (Feet ) (Feet ) 
Very” hard red“ pravel Sc. Gaelic trees sts iota neeiorg tee emernen aes 18 18 
*Bullers earth’ yo8 oi. ie ahs anh teeay eres by ae onakakae tegen ea ate 10 28 
Light. bluish sandy elay 1.2). 4 ses ie ok okies Oe are ee: 16 44 
White elayijand sand, ‘a little!water. i.e rs ose oes ee ee 5 49 
Light bluish sandy clay; water at 88 feet................... | 42 91 


Another well, 300 yards east of this, found a little water at 56 feet and 
no water below for 60 feet. 

On the inlier of Lafayette formation that extends from near Dunn 
Loring to Peach Grove and Freedom Hill, dug wells are from 20 to 40 
feet deep. The water, which is generally soft, is obtained from the 
Lafayette, and where that formation is thin, from decomposed crystalline 
rock. ‘The deepest well reported in this section, 130 feet, is that of R. H. 
Watts, about 144 miles east of Freedom Hill. It is said to have been drilled 
through clay and gravel and to have struck no rock. The first water was 
struck at 30 feet, but the main supply, about 10 gallons a minute, comes 
from 120 feet. 

Near Springman dug wells are 20 to 60 feet deep, about 50 feet being 
the most common depth and the one at which most water is obtained. At 
Pohick, Springman post-office, a well at the Methodist Church is 80 feet 
deep, obtaining water at 70 feet, but the church is on top of a hill. 

The town of Falls Church had no public water supply system in 1906. 
The inhabitants relied chiefly on dug wells 10 to 35 feet, most of which 
yielded soft water. | 

At West Falls Church a 120-foot well, drilled for the Washington, Alex- 
andria & Falls Church electric road, obtained in “granite” an irony water 
which is not used. 

Particulars regarding dug wells at some villages are given below: 


Details of dug wells in Fawrfax County. 








; Depth 7 Quality of 
Location (Feet) Water bed ae 
AccOtInK 5) Aap atenwon ee pele sen rhe Ghats 25-91 Sand and clay Hard 
Dunn SLOyving Y 5 ecat.ec ee eae rene ean ey AIUD | an is. chain u's 0x Wa Soft 
New? Alexandria: «::a.-vetsnwe Asien anes 10-20 Sand and loam Soft 
Lorton Valley: ah asus ema ne fg Ne 20-50 Sand and gravel Soft 


~ 
— lt 
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Conclusions.—Good water can be had in the Coastal Plain portion of 
Fairfax County by both dug and drilled wells. At most places the former 
will furnish ample supplies for ordinary purposes, and if properly located 
and cased will be safe. Drilled wells near Potomac River will find good 
supplies in the Patuxent sands. Flowing wells, except at the water edge, 
are not to be expected. 

GLOUCESTER COUNTY. 


General description—Gloucester County, formed from York County 
in 1861, lies between York River and Pianketank River. 

Topographically the county is one of the most interesting in Tidewater 
Virginia. Part of the surface is included in the Sunderland terrace. The 
highest points in this terrace, about 125 feet, are in the northwest corner 
of the county; the lowest points have an elevation of 100 feet. The Talbot? 
terrace covers most of a triangular area between Severn River, Mobjack 
Bay, York River, and a line from Gloucester Point past Hayes’ Store and 
Roanes to Pianketank River; this line follows a sharply defined scarp, the 
most marked and unmistakable terrace scarp in the Virginia Coastal Plain. 
From the foot of this scarp at an elevation of about 25 feet the ‘Talbot 
terrace slopes very gently eastward to sea level, fading away in strips of 
salt marsh and wet ground. 


Geology.—The Columbia formations are prevailingly loamy at top and 
sandy below; along York River large ice-borne boulders are found in the 
lower formations. Beneath the Columbia are the sandy clays, sands, and 
marl beds of the Yorktown and St. Mary’s formations of the Chesapeake 
group. The marl beds weather light- or bright-colored, but are dark 
ereenish or bluish below water level. The total thickness of the Yorktown 
formation may be 100 feet. The thickness of the other Chesapeake forma- 
tions under cover, the St. Mary’s, Choptank, and Calvert, is not determin- | 
able from the well records available, but the base of the Chesapeake hes 
about 200 feet below sea level at the western corner of the county, and 300 
feet deeper on the shore of Mobjack Bay. Below the Chesapeake lies 
150 to 200 feet of Pamunkey greensands, the more glauconitic and porous 
making the “black sand” of well drillers, while below these are the Upper 
Cretaceous formations. 

UNDERGROUND WATERS. 


Distribution and quality——Both the surficial deposits and the deep 
sands, except at the east end of the county, contain abundant supplies of 


aThe writer believes that the terrace that occupies the greater part of the area 
mentioned is to be correlated with the Pamlico terrace of North Carolina. 


176 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


water. The quality varies greatly; probably no county in Tidewater Vir- 
ginia can show more variety. On high ground the shallow water is soft 
and low in iron, except in Chesapeake marl beds. Near Mobjack Bay and 
at some points along York River the shallow water is of indifferent quality, 
very hard, high in iron or brackish; at some places it is excellent. The 
artesian waters show as great variation. At the west end of the county 
they are soft, clear, and fresh; at the east end they are barely potable, con- 
taining salt, sulphate and bicarbonate of soda, and at some wells iron. 
They are as a rule sulphur-bearing. 

Artesian waters under moderate cover, 50 to 100 feet, are found in the 
eastern end of the county. They have low heads, 2 to 5 feet above mean 
high tide, and he in irregular and discontinuous sand and shell beds in the 
Yorktown formation. 'The waters as a rule are clear and bright, but more 
or less limy, and in places very hard and iron-bearing. The deeper sands 
of the Chesapeake group give higher heads, up to 35 feet, and at some 
places larger flows. Very soft waters, resembling those of the basal Chesa- 
peake beds, are found in the Pamunkey under the western part of the 
county, but to the east the Pamunkey sands, like the Chesapeake, as sug- 
gested by Darton,” probably become too fine to transmit water readily. The 
flows decrease in volume and cease, no flow being known from the 
Pamunkey east of Gloucester Point. Little is known of the Upper 
Cretaceous formations, but in the eastern portion of the county deep wells 
get waters presumably from these formations, that vary in character from 
the soft, alkaline, shghtly sulphur-bearing flow at Gloucester Point to the 
highly mineralized, saline, ferruginous waters found near Severn River. 
The Potomac beds have not been tapped within the county west of Selden. 
They undoubtedly contain potable water in abundance as far east as 
Claybank.. 

Springs.—Springs are abundant. Most of them flow from Columbia 
sands; some from Chesapeake marl beds. Yields are generally small, 
averaging at such springs as are in any way improved, 5 to 10 gallons per 
minute; flows as large as 20 gallons per minute are rare. A considerable 
number are still used for household supply. No spring yields water for 
shipment in commercial quantities, and none is a health or pleasure resort. 
A few that have attracted notice by reason of size, location, or quality of 
water are owned by Dr. C. H. Bradford, near Dutton; F. E. Du Val, near 
Cash, a large marl spring; Thos. Dixon, Jr., 2 miles west of Dixondale, a 
bold flow of soft water known as the Cow Spring; C. J. Roane, near Woods 


aDarton, N. H., Artesian water prospects of the Atlantic Coastal Plain, Bull. 
U. S. Geol. Survey, No. 138. 
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Cross Roads, irony water; W. R. Stubbs, near Pinetta, hard, iron-bearing 
water; and G. P. Brown, near Wan. 

At Gloucester Point a spring of soft water rises through surface sand 
from shell-rock in the Yorktown formation. The water is much used by 
fishermen for boat supply, as it is said to keep well. The flow is about 1144 
gallons per minute. 


Wells—Dug wells are practically the sole source of supply on ground 
over 40 feet above tide level. On lower ground are also dug and driven 
wells, the latter being particularly numerous toward the east end of the 
county. 

LOCAL SUPPLIES. 


At Gloucester are some 15 dug wells from 25 to 40 feet, most of which 
are lined with brick. There are no springs close to the Courthouse, which 
is on a ridge, but there are plenty with perennial flow along neighboring 
creeks. Owing to good drainage, the thick cover of loam, and the depth to 
water table, dug wells at Gloucester are not likely to be polluted if ordinary 
precautions are taken to prevent the ingress of surface water. 

Near Achilles a number of deep driven wells that do not flow yield 
water of varying quality. One owned by B. A. Rowe gives water that is 
reported to work well in a saw-mill boiler. The water may come from beds 
of Chesapeake age. 

The wells along York River from Puropotank Creek to Gloucester Point 
tap the Chesapeake, Pamunkey, and Upper Cretaceous sands. In general 
the wells flow soft, alkaline water suitable for all household purposes. ‘The 
height to which water rises varies; the Chesapeake sands give heads of from 
10 to 30 feet, but the Pamunkey gives reported heads of 35 feet at Cappa- 
hosic and of 25 feet at Timberneck Creek. The flow from the Upper 
Cretaceous sand, at Gloucester Point, has a head of but 10 feet. 

A well 3 miles southwest of Signpine, on a tidal inlet, found salt water 
at 13 feet, brackish water at 33 feet, and good artesian water at 196 feet, 
as shown by the following log: 


Record of well of R. C. Coleman, 3 miles southwest of Signpine. 
(Authority, R. ©. Coleman, owner.) 











. |Thickness | Depth 

Material (Feet) | (Feet) 
a eh sl i ee (eee 
SellOW BHI ROLOEWOLeL eRe ld L6Cbs fre cl ms ste dine mace eae | 13 epee ie 
Lighter colored sand, white at base; brackish water at 33) | 

EC ie ok Ch ord geet Lt ed a <a a RRR ee | 20 33 

earl Ore it ramen Sens it's hein Meee cis dt ee chi ce o's | 155 | 188 
UT CORBETICL® 5 hci. et eee Ne eee ek ret Lot wid woes | 91%, | 208% 
BTa Ee BUG UsTOCKa sac an Creme iW ge EAT let Gera yeh AW Ea ge 5 % 210 
Sreetit mest Th TOW cg en Ne ane ee ees a ea, | 1 211 
Elevation of surface 31% feet. | 
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At Allmondsville several wells have been sunk for oyster houses and 
boiler supply. The reported depths are about 300 feet, the flow coming 
from Chesapeake sands. The alkaline water has a slight sulphur odor; 
it neither pits nor scales a boiler, but has a tendency to foam. A field 
analysis of the water from one well is given in table 8. | 

On Jones Creek, B. B. Weaver has a 336-foot well that flows 5 gallons 
at 5 feet above mean high tide. ‘he water comes from medium fine quartz 
sand containing much dark green glauconite. The owner dammed a small 
run and put in a water wheel which he belted to a “bulldozer” pump that 
forces the water to a tank on a tower near the house; the house is 25 feet 
above the spring, and the total lift to the tank about 50 feet. Table 8 
contains a field assay of a sample of the water. 

The well at Cappahosic, 415 feet deep, found no flow in the Chesapeake 
sands, and the Pamunkey flow is of moderate volume. ‘The owner has 
harnessed the well to a small ram, a flow of 3 gallons per minute, with a 
drop to the ram of 6 feet, being sufficient to hft all water needed for 
domestic use to a tank in the house 40 feet above the river. ‘The overflow 
from the ram is piped to neighbors’ houses, one being 300 yards distant. 

The decrease of yield in the Chesapeake and Pamunkey sands near the 
mouth of York River is shown by a well sunk for James Brown by a driller 
familiar with local conditions. This well, on Carter Creek, about half a 
mile from the mouth, found water from 60 to 80 feet in coarse gravel, and 
no more till a very weak flow at 535 feet; sinking to 610 feet brought no 
increase in flow and the well was abandoned. 

Near Timberneck Creek are artesian wells which get water from the 
shell beds in the Yorktown formation. One of these, 65 feet deep, at the 
residence of Charles Catlett, is used for household supply; two other wells 
sunk to the Pamunkey gave flows of sulphur-bearing water. The flow from 
the shallow well has a head of 4 feet and shows large tidal fluctuations. 
The water is clear but hard. 

On the beach at Gloucester’ Point is a well 690 feet deep which gets 
water from the Matawan; no flows were found, according to the driller, in 
the Pamunkey or Chesapeake beds, and the Matawan flow is small (2 
gallons), and of low head, 10 feet. The well was sunk for public use. The 
water has a shght sulphur odor, is alkaline, and contains more salt, sulphate 
of soda, and lime than the wells up the river. In a boiler it foamed badly. 
A field analysis is given in table 10. 
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The following record is reported from one of the flowing wells on 
Pianketank River. The water is probably from the base of the Chesapeake 
group. 

Record of well of R. J. Bristow, 3 miles east of New Upton, on 
Pianketank Rwer. 


| Thickness Depth 








Material (Feet) (Feet ) 
Se CORN AAS Ee POE eet. ose 5. ua -v. peal © Wad. w eh SOA A, mee eee 15 15 
UI a a yy le RR. dt ha See a ean cen eS ee Ln Caen Pare 15 30 
PSseTitLam aetcrk.cts Sees AT EES ISA Gn a Sine eee Wate nee Morey AS a 4 34 
Bitte pas marls wacer av 42100 46 feet. 6 nas cae eth che tue chyless 20 235 
Prasieeever (sina LOW LOL Wate ee s.., fve i -ds ag)t hs 4 ates < ata a 2 237 
Fe rt ook. 5X dnag eS asl a he > ed kaer Sue ORM ok oh ann 148 385 
Soft rock; flow of water, about 4% gal. per minute, at 415 feet 30 415 


Near Severn River are several deep wells notable for their highly 
mineralized waters. All the flows contain considerable salt in addition to 
sodium carbonate or bicarbonate, and some of the flows are decidedly iron- 
bearing. The yields vary decidedly, but as a rule are scanty. 

At Eagle Point, the country seat of the late Joseph Bryan, several 
attempts were made to get a sufficient flow of potable water. The most 
important attempt was a 6-inch well 1,004 feet deep. It penetrated sev- 
eral water-bearing beds but found no water that would overflow, though 
the elevation of the surface is but 5 feet above tide. Another well, 900 
feet deep, yields a scanty flow of clear, saline, alkaline water. (See table 
11 for field assay.) A well 100 feet deep gets a flow of decidedly hard 
water from a shell bed in the Yorktown formation. Cuistern water is used 
for most purposes. Nearby at the residence of A. W. Withers is a 6-inch 
well 605 feet deep, that taps Upper Cretaceous beds. It flowed, at an ele- 
vation of 6 feet above tide, 69 gallons per minute of salty, ferruginous, 
bicarbonated water that readily corrodes steel pipe. The water is too salty 
to be palatable. (See table 10.) 

At Severn a well 610 feet deep found water at the base of the 
Pamunkey. The owner gave the following record from memory: 
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Record of 610-foot well of J. N. Shackelford, near Severn, 


Gloucester County. 





Material 


Clay.” os vies ecko a Ri sk ae = Bie Re: Rta Seta cis ee ee 
White samd 5 c25 sett pe ae as Rema coed ee er ee 
Yellow and reddish sand < water’... 9 esc0 cee cee eee 
Blue shell:maris small shells... gitar. s peat ea teaser eee 
Dark gray sand, water-bearing; “water contained lime but 
wished well. 0 eos oh. es ae tes bite wee oe we ee earn 
Dark ‘marl: end; sand: mixed 36. |. siems nae eg ee ee 
Light bluish marl containing a few shells, and mud.......... 
Fine black sand “almost as dark as gunpowder” with one 
white grain in 50 black; water-bearing but water did not 
T1568 ‘to Surlace; 25.6% 1 y Upon sie oie slsro ne are 
Soft dark or greenish mud, very few or no shells............ 
Black sand in hard layers, water-bearing, flow 1 gallon in 
5 minutes at 5 feet elevation above tide................... 
Below the rock was clean gravel “like fine hail” pebbles size 
of wheat grains, clear or occasionally bluish; this gravel 
contained water but the gravel and sand choked the pipe 
and it was pulled back to 575 feet 





Thickness | Depth 


(Feet) 


15 
135 


55 


(Feet) 


1 
7 
8 
18 


24 


70 
425 


440 
575 


610 





The water is clear, but highly mineralized, containing considerable salt. 


It has been drunk as a medicinal water. (See table 10.) 


Some particulars of dug wells, reported by postmasters, at various points 


in the county are shown below in tabular form: 








Quality of 
water 


Hard and soft 


Hard 
Soft 
Soft 


Soft and hard 


Hard and soft 


Details of dug wells in Gloucester County. 
” Location Pe Water bed 

Belrou yc thee este ae ae eee 10-20 Sand 
Clash 7 so ka he aden ken eater aoe ak Panera 30-45 Sand and marl 
Dutton" feet oes ee eee ee 18—50 Sand 
James: Store & otc es es ee Be 25-50 Sand 
New Upton oJ nets tee rac La a LSE ene 35-40 Sand and marl 
Ordinary © 25, (G6ACs Aisets seated aes eee 10-35 Sand 
Pinetta.’: op. 0 2 aes eh ie pA ieee: CN ie Pr ay ar ASS ae? 
Roanes.s: eke aotees cae ee ee 20-30 Sand and marl 
Signpine ‘esd ego) fees bee ee oR eee 40 Sand and marl 
Woods ‘Crosse sRogds ecu eae ee 30-50 Sand and marl 
Whitmarsh oo So euien 2 eee ce re, eee 18-60 Sand 
Wicomico “iGin ih as vee eee en oe es 10-40 (Sand and gravel 


oo = © Wo ee. ee Ue) oe 


2 6) a fo @ © elem tel te 


Soft and hard 


Soft 


sR letiehiunere) = ay aes 


Conclustons.—Artesian water can be had under the whole of Gloucester 
County, but the wells already dug demonstrate that liberal flows of good 
quality can not be expected east of Gloucester Point. Excellent water can 
be had in the western part of the county under heads of 30 to 35 feet above 
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tide. At Gloucester Courthouse soft alkaline water can be had by a well 
less than 500 feet deep, but a deep well pump must be used as the water 
will probably not rise to within 40 feet of the surface. 


GREENESVILLE COUNTY. 


General description.—Greenesville County includes the extreme south- 
west corner of the Virginia Coastal Plain, south of Meherrin River, and 
its southern boundary is the North Carolina-Virginia state line. The 
Coastal Plain portion of the county lies east of the Atlantic Coast Line 
Railway, and has an area of about 70 square miles. 

The surface shows considerable diversity of relief but much of it is 
low, and is included within the valleys of Meherrin River, Fontaines 
Creek, and tributary swamps. The general slope is east. Along Meherrin 
River the lower Columbia terraces are extensive. The maximum eleva- 
tions of the Coastal Plain area in this county have not been determined, 
but the Sunderland terrace is a less important feature of the topography 
than in counties to the north. Elevations above sea level range from 200 
feet, west of Jarratt, to 20 feet along Meherrin River. 


Geology.—Granite outcrops in the bed of Meherrin River near Emporia, 
and lies less than 50 feet below the surface in the town. Near the river 
the granite is overlain by Columbia gravels, sands, and loams, which also 
mantle the surface in the vicinity of the town and along the railroad to 
the south. 

Potomac sands overlie the granite a short distance east of Hmporia, 
but are not exposed along Meherrin River nor anywhere within the county. 
There is nothing to indicate *the presence of Upper Cretaceous or of 
Pamunkey (Hocene) beds. Chesapeake marls are exposed in places by 
pits from which the marl was dug. 


UNDERGROUND WATERS. 

Distribution and quality—The Columbia and the underlying Chesa- 
peake or Potomac sands carry waters that show considerable variation in 
quality. Sufficient water for household needs can be had anywhere in the 
Coastal Plain portion of the county at small cost. For larger supplies 
groups of driven or bored wells have been put down in the Columbia sands, 
and at least one well has been drilled deep into granite. 


LOCAL SUPPLIES. 


At Emporia water for boiler supply has been obtained from dug, bored 
or driven wells. The Emporia Manufacturing Co., in 1905, had 6 bored 
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wells, 24 feet apart, with 414-inch casing, and a 2-inch suction pipe having 
a slotted brass strainer 2 feet long inside the casing; the yield was about 
60 gallons per minute of hard water. Soft water was found at 22 feet. 
The company had also a series of 20 bored wells 16 feet apart, 2 inches in 
diameter, with 18-inch screens, and only about 22 feet deep. ‘The water 
normally stood within about 10 feet of surface and the combined yield to 
pump was 70 gallons per minute. Granite is found at 32 feet. 

The town of Emporia has a 600-foot drilled well, described on page 
93; it furnished unsatisfactory water from crevices at several depths. 


HANOVER COUNTY. 


General description—Hanover County, formed in 1720 from New 
Kent County, hes between Chickahominy and Pamunkey rivers, but only 
that part east of the Richmond, Fredericksburg & Potomac Railroad is 
within the Coastal Plain province. This part, probably 100 square miles 
in extent, contains several important settlements, the largest being 
Ashland. 

The topography has the varied aspect common to other counties along 
the “fall line.” The Lafayette and older Columbia terraces have been 
deeply trenched by tributaries of Chickahominy and Pamunkey rivers; 
maximum elevations are 200 to 225 feet near Ashland, Merryoaks, and 
Asheake, while the swamp along Chickahominy River is 50 to 80 feet, and 
the flood plain or first. bottom along Pamunkey River, is 10 to 30 feet 
above sea level. The Sunderland plain east of Ashland may be 160 to 180 
feet high. The Wicomico plain lies along Pamunkey River from near 
Hanover to Doswell. At the latter place it forms the “second bottom” at 
an elevation of 60 to 80 feet above tide. A lower plain is well developed 
near New Castle bridge, where its surface is 25 to 40 feet above sea level. 
The Wicomico is not well shown in the Chickahominy valley. 

Geology.—Granite underlies the Columbia deposits south of Ashland, 
and the Triassic sandstones outcrop north of Ashland, near North Anna 
‘River. Above this basement to the east are Potomac, Pamunkey, and 
Chesapeake deposits. The Potomac at Belamar is represented by a few feet 
of dark bluish shale, and on the North Anna near Doswell by arkosic sands 
and sandstones of the Patuxent formation. The exposures of LHocene 
deposits along Pamunkey River from Wyckham to Piping Tree Ferry 
were visited by Conrad and by Rogers over 70 years ago, and have been 
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examined by many geologists since. ‘The beds consist of dark green sands 
containing fossil shells which in places form shell-rock. Most of the 
material exposed is part of the Aquia formation. No Pamunkey (Kocene) 
beds are exposed in the Chickahominy valley. The Chesapeake (Miocene) 
beds, chiefly of the Calvert formation, overlap the Pamunkey. ‘They com- 
prise dark greenish sandy clays, which in places contain many fossil shells 
and in places are full of diatoms. The thickness of the Chesapeake beds 
varies from a feather edge to possibly 100 feet on the east side of the 
county. 

The Lafayette and Sunderland formations overlap the granite and the 
Cretaceous, Eocene or Miocene beds to the west, the Lafayette extending 
an unknown distance westward. The Sunderland contains numerous large 
boulders of crystalline rocks, evidently ice-borne, and near Wyckham its 
scarp is as thickly strewn with boulders as a New England hill pasture. 
On the Wicomico plain along Pamunkey River these sub-angular boulders 
of gneiss and schist are dug out in tilling fields and used for well-casing, 
foundation-stone, flagging, etc. 


UNDERGROUND WATERS. 


Distribution and character.—Water-bearing beds occur in the Potomac, 
Pamunkey, Chesapeake, and Columbia deposits. The deeper Potomac and 
Pamunkey waters, as indicated by wells in King William County, are 
probably of good quality. The water from the Columbia sands is as a 
rule soft. 


Springs.—Springs of «the usual Coastal Plain type are numerous, but 
comparatively few are used for household supply and from none is water 
sold regularly. The quality of the spring waters varies from hard or iron- 
bearing to very pure and soft. 

One spring of note is near the residence of T. A. Taliaferro about 114 
miles southeast of Pole Green. This spring rises as a bold flow from a bed 
of white sand (Sunderland) near a little run tributary to Beaver Dam 
Creek. ‘The spring is said to rise from a depth of at least 20 feet, as a pole 
can be forced down into the sand to that depth. The flow, about 15 gallons 
per minute, is clear, soft, and hight. The owner furnished an analysis that 


has been recomputed to express results in the form used by the Federal 
Survey. 
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Analysis of water from spring of T. A. Taliaferro, southeast of Pole Green, 
Hanover County. 


(Henry Froehling, analyst.) 





Parts per 1,000,000 


Total mineral ‘solids ch. Sa HOAs Bate ee ee ee ee 19. 
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Ghiorine *(O1) 2 244 OO eae Oe a ee ee Ge ee ere 3.1 
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Free carbon dioxide gas 64 ¢. ec. per liter. 


No improvements had been made at this spring when it was inspected, 
nor was the water being sold. 

Other springs of more or less note in the Coastal Plain section of 
Hanover County are those of H. Carter Ridd, of Beaver Dam; of M. C. 
and C. H. Tate, at Ruel, which give iron-bearing water; and a small 
spring of IX. G. Gwathmey, near Taylorsville, said to yield sulphur water. 


LOCAL SUPPLIES. 


Dug wells at Hanover average 20 to 30 feet deep, though one was dug 
60 feet. The water from most of the wells is called “medium soft.” The 
deeper wells go through the Columbia gravels and sands into the 
Chesapeake beds, and if they strike shell marl the water becomes hard. 
The 60-foot well found a little hard water at 20 feet on top of a dark, 
greenish sandy clay of the Chesapeake group, but none for 40 feet below. 

At Ashland most of the water used is obtained from dug wells; enough 
for a family of ordinary size can be obtained by digging 18 or 20 feet. 
Because of the level surface of the ground and the shallow depth of the 
water table there is danger of pollution; hence some people use only cistern 
water for drinking. At Randolph-Macon College cisterns of large size, 
kept securely locked, are filled during late fall, winter and early spring; 
the supply being accumulated after leaves have fallen and migratory birds 
have left the region. 
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Where there is no danger of pollution from nearby cesspools or wells 
with unsanitary surroundings, good water from dug wells is had by dig- 
ging to below water level, dumping in several feet of clear, coarse gravel, 
and using tile curbing with tightly cemented joints, the top length project- 
ing a foot or so above surface. 

Several attempts to get water by drilling have been made at Ashland. 
One well at Randolph-Macon College, sunk about 100 feet, furnished satis- 
factory supplies for about ten years, and then was abandoned because an 
influx of sand choked the pump. A deep well intended to furnish a supply 
for the college and the town is on the grounds of the Henry Clay Inn. 
This well, 365 feet deep, went through the Lafayette and obtained its 
supply from the sandstones of the Newark. The following record is that 
furnished by the driller: 


Record of deep well of Ashland Water and Light Co., at Henry Clay Inn, 
Ashland. 
(Authority, Sydnor Pump and Well Co., drillers.) 


q Thickness | Depth 

Material (Feet) (Peet) 
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The following record of a well near Ashland is from Darton’s bulletin.“ 


Record of well near Ashland. 











7 | Thickness | Depth 

Material | (Feet) | (Peet) 
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In 1910, a public supply system, taking water from two deep wells, was 
installed. 


On the lower terrace near Pamunkey River many shallow wells 10 to 
15 feet deep get water enough for family use, but are frequently filled by 


aDarton, N. H., Op. cit. p. 179. 
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surface water during rains, and are not considered wholly safe. A deep 
well sunk for locomotive supply by the Richmond, Fredericksburg & 
Potomac Railroad, near Doswell, elevation 55 feet, obtained, from the 
Newark rocks at a depth of about 300 feet, hard water, which rose to within 
3 feet of the surface. The supply was either insufficient or unsatisfactory, 
for the well was abandoned by the railroad company and later covered in 
widening the grade. 

About Wyckham, wells on the Sunderland plain get soft water at 
depths of 30 feet or less. Near Wyckham station on the scarp above the 
Wicomico plain an attempt to get water by digging into the Chesapeake 
marls and clays was unsuccessful. ‘The following section was furnished 
by W. W. Dyson, superintendent of Hickory Hill farm. 


Record of 75-foot well at Hickory Hill, Wyckham. 
(Authority, W. W. Dyson.) 








| Thickness | Depth 





Material (Feet) (Feet) 

Loam and pebbless isc) oo. wecteue oo is sok 5 ee 5 5 
Red clay oe ars ok he eae foe sean ce coe as 4 9 
White. “fuller’spearth? cee sees secs des Sey eek eee ee 10 19 
White and purplish ‘“fuller’s earth” with iron stains....... / 10 29 
Darky bluish” black “‘fullers Garth’. 22a. ore ee 8 37 
Blue gravel and sand, pebbles large as hens’ eggs ........... 3 40 
Bolvtey Ba oben ese lies pnts Pe ee ale dlc 2 42 
Shell marl, very hard, full of scallop and clam shells and 

sharks, Teeth s).:54. teak wane sa os kis orp 80 oi ae ee a 1] 53 
White: ‘sand, water-bearing, (o:ieteaoee, aeces eee ee ees | 1 54 





The water rose to the top of the marl. It tasted strongly of iron, and 
was so hard that 1t could not be used for washing, consequently the well 
was filled. 

Shallow well conditions at a number of points in the Coastal Plain 
section of the county are given in the following table: 


Details of dug wells in Coastal Plain portion of Hanover County. 

















Loeation De pth Water bed Quality of 
(Feet) | water 
Belamar 52.35 525 2a oe eee | 12-100 Sand and rock |Soft and hard 
Deoswell ts... decay shies can ee, eee | 15-35 Sand Soft 
Beaverqam. fh 4s ee eee 15-30 Sand Soft 
Pole-fareen (i ssuioree,. sels Ae ee ee 30 Sand Soft 
Riel eg ed ee Lee eee 30 Sand Soft 
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Conclusions.—There is little chance in Hanover County for artesian 
water that will rise above tide level, but in the eastern part of the county 
water of good quality and softer than that obtained by dug wells can be 
had by drilling. The Newark rocks are uncertain water-bearers, and though 
water can probably be had from them the quality and yield can not be pre- 
dicted; both may be good, as at Ashland, or poor, as at Doswell. 


HENRICO COUNTY. 


General description.—Henrico County, formed in 1643 as one of the 
original shires of Virginia, lies between James and Chickahominy rivers, 
part of the county being in the Coastal Plain and part in the Piedmont 
Province. Richmond, the capital of Virginia, a prosperous manufacturing 
city, had a population of 127,628 in 1910. The area of the Coastal Plain 
portion is about 350 square miles. Outside the city hmits are a number 
of suburbs, chiefly residential, such as Barton Heights, Brookland, Ginter 
Park, and Highland Springs. The population of the county, exclusive of 
Richmond, was 23,437 in 1910. 

Away from the railroads and the immediate vicinity of Richmond the 
county contains few villages of importance. Along the James River are 
several famous estates, and one of the largest single farms in the State, 
measured by land under cultivation, is about 15 miles below Richmond. 

As Henrico County lies partly in the Coastal Plain and partly in the 
Piedmont Plateau the topography is characterized by the gently undu- 
lating remnants of the high Lafayette or Sunderland plains on the inter- 
stream areas, with precipitous scarps along the gorge of James River, the 
gorge at Richmond being nearly 250 feet deep. The Lafayette plain has an 
elevation of 200 to 225 feet. The lower terraces are not well developed 
near Richmond, but can be traced along the James River valley below. 

The Coastal Plain area contains few creeks or runs more than a few 
miles long. Those emptying into the James such as Shockoe, Gillies, and 
Almond creeks, have cut sharp valleys which are marked features of the 
topography. Along Chickahominy River is a cypress swamp, lying 50 to 
over 100 feet above tide level and in places over a mile wide. 

Geology—The gray granite-gneiss over which James River flows at 
Richmond is exposed at higher elevations in railroad cuts west of the “fall- 
line,” as at Glen Allen. It dips eastward from the “fall-line” about 40 
feet to the mile, and above it lie Potomac, Pamunkey, and Chesapeake 
beds, all of which outcrop in the city limits of Richmond. The Patuxent 
formation, with arkosic, incoherent or indurated sands full of pebbles, 
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cobbles, and clay balls, may be seen along Gillies and Almond creeks. ‘The 
Pamunkey greensands and the Chesapeake diatomaceous clays are exposed 
at the famous outcrop on the west bank of Shockoe Creek, just below the 
plant of the American Locomotive Works, where, in a bluff about 40 feet 
high, dark argillaceous Pamunkey greensands of the Nanjemoy formation 
grade into dark diatomaceous clayey Chesapeake sands of the Calvert for- 
mation. Higher up the run are many outcrops of the Calvert formation 
full of shells. North of the city, near the State Fair grounds, dark fossil- 
iferous Chesapeake marls and clays rest directly on the granite. Along 
James River, south of Richmond, notably at Dutch Gap, many outcrops 
of Potomac sands and standstone can be seen. In Chickahominy valley 
the dark, sandy clays of the Chesapeake beds are exposed along the creeks 
and runs. From feather edges on the west, the Potomac, Pamunkey, and 
Chesapeake beds thicken rapidly down the dip, and at the eastern edge of 
the county the Potomac may be 300 feet thick, and the Pamunkey and 
Chesapeake, each 100 feet. 


UNDERGROUND WATERS. 


Distribution and character—The occurrence of water in the granite 
has been described on pages 83-97. The Potomac beds are prevailingly 
coarse-textured, and contain much water that is available to wells. The 
Chesapeake sandy clays are dense and the Calvert formation is probably a 
poor water-bearer within the county hmits. ‘The loams and sands of the 
Columbia contain large supplies of ground water, the depth of the water 
table below surface depending on the topography. ‘The shallow waters are 
for the most part soft. Little is known of the quality of the water to be 
had by deep wells sunk to the Potomac beds. 

Springs.—Springs abound. Most are small seeps from beds of sand 
but a few are of considerable size. One of the largest in the county, known 
as the Tucker or Bonanza spring, is near Highland Springs on land owned 
by E. S. Reed. It is situated in a hollow near a small run that flows into 
Chickahominy River. ‘The water rises from sands and gravel, evidently 
slope wash, and the geologic relations of the spring are not evident. The 
water probably comes from near the contact between the Chesapeake and 
the overlying Columbia sands. The flow, about 28 gallons per minute, is 
said not to vary during the year. The water is soft, clear, tasteless, and 
odorless, has been used for drinking purposes by several families at High- 
land Springs, and has been shipped to Richmond. 
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Situated a few miles west of Highland Springs, in the Sunderland 
scarp facing James River, is Como Lithia Spring, the water of which is 
sold for medicinal and table use. The spring issues from sand beds at the 
base of the Sunderland formation. The water is clear and sparkling, 
tasteless and odorless, and contains free carbon dioxide which makes it 
agreeably light. The following analysis, recalculated to express results in 
standard form, was furnished by the proprietor of the spring, I. M. Hawks. 


Analysis of Como Inthia water. 
' (Henry Froehling, analyst.) 


Parts per 1,000,000 


LS EEL E EE Ae, bgp ODS ae con lana CE rc BE gO 34. 
Ee area ee TA LO Tag en id! +, cA 4 (ts cepa S 4 OM OP Na eee cables « « slight trace 
erties ibe ill Ay) eo) Gow gh agate sarge Gaby Lede aA Rei hae dil Ai a Pama Ee 4 
emer s A erg seo) S.64 d weca Bale adie BE eke a Ge PT | sks os Oat 
PM PPCT TG h ee Yee! nlht a) ., dei SP Bi Sor d hate Be SURREY Rae aves 0.53 
(OAC TEER O04 008 LONE a eae Sn ROLE ene Geer weg. 4) ee 0.86 
Ral REGRET Mo ota Wake cha dees chk Moyale we, Meare semi ik Lag 
EE EA aT ESS T oe Lae eRe eae ad tle Alea: 4.7 
Ee SEE ESCIMEE Aaa et clr a hc, 2, dik SEPA sarc tin eke iee neu Bek 
GEE UREA Ee ev pred ae fa aoe hk eae a Sue le ke Sener MN EM | 0.07 
iL ACE etLCoeee LL TT RMS) TA TTI: boars Lord ee wean 4 abe yas are edi oe 0.39 
Far geyeeb bates Gl nag) 0 0 ONS" ge ae Oe eo ee ee es ee a ee ae trace 
SP REU CERO Le \rwewet eee TG US ee otra iy Selec aar et sae ewes wae elo e? trace 
sien DOU MUSA rAUICle CECA: ) fgeets ok Pannen cle tihad ow ON Bee idae ae (ie!) 
Bt CON Se CRG LME PET it sores cB cts a Sie ne djs she. « pee Sen autels Uk ekg 0.41 
CO arrig BRE) YAO pt (a fee SRL A aed rete al a as pee, Ui 10. 


Free carbon dioxide gas, 31 c. c. per liter.: 


The spring is in a park with no buildings near, and pollution by con- 
taminated surface waters is improbable. The only improvements at the 
spring, when inspected, were a bricked pool from which the water was 
pumped, and a rustic spring house. 

Other springs of more or less note in Henrico County are those of 
EK. G. Hopkins, at Glen Allen; of William Dean, on the edge of a slope 
from the Sunderland plain, 2 miles northeast from Fair Oaks; of A. A. 
Carlough, half a mile south of Elko; of J. W. Francis, 314% miles south of 
Chickahominy; of J. T. Brown, on the Sims place, 3 miles south of Laurel 
station; and a spring on the Crenshaw tract, 1144 miles east of Laurel. 
The spring that supplies Barton Heights is mentioned on page 190. 

Wells.—While the larger proportion of the dug wells in the rural parts 
of Henrico County are curbed with wood, there are many, especially near 
Richmond, that are bricked. Most of the bricked wells are covered and 
have pumps. There are some driven wells, but outside of Richmond there 
are few drilled wells. 
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LOCAL SUPPLIES. 


The city of Richmond owns waterworks which distribute James River 
water. In or near Richmond a number of deep wells have been sunk by 
hotels and industrial concerns. ‘These wells get water from fissures and 
joints in the granite, and are of much interest because of the wide varia- 
tion in yield and quality of water. They are discussed in detail under the 
heading “Wells in crystalline rocks,” on page 83. 

A dug well 12 feet in diameter and 112 feet deep at Benjamin Davis’ 
brickyard in the north part of the city is situated just on the edge of the 
Sunderland plain above Bacon Quarter Branch. It went through 
Columbia cobble beds and loams and the Chesapeake sandy clays to decom- 
posed granite, but struck nothing that could be identified as Potomac 
material, and yields little water. 

In the Brookland district, which includes residential and manufactur- 
ings sections, northwest and north of the city, and had a total population 
of 10,068 in 1910, water is obtained chiefly from dug wells 10 to 40 feet 
deep, though there are many drilled wells and some cisterns. 

Within a mile of Highland Springs there are over 100 dug wells, which 
obtain supplies of soft water from sand beds, and range in depth from 20 
to 27 feet with an average of about 32 feet. 

In Glen Allen dug wells are 20 to 35 feet deep, and most of them strike 
granite at about 20 feet. The Old Dominion Excelsior Co. has two wells 
8 feet square and 22 feet deep that go to the granite, and are connected by a 
crosscut at the bottom. 

Barton Heights, a suburb of Richmond, with a population of 1,388 in 
1910, has a public supply from the Mitchell Spring and an adjacent dug 
well 15 feet in diameter and 44 feet deep, in the scarp back of the spring. 
The yield reported is about 100 gallons per minute. Some characteristics 
of the water, which is considered good, are shown by the following sanitary 
analysis: 

Samutary analysis of water from Mitchell Spring. 
(E. C. Levy, analyst.) 


Parts per 1,000,000 


Total ..solidanecwalessuwh ds «6 he Rees eee re ee eee 106. 
Loss on (ignition i644 263: all. ce ccpeee Pee ey eens wemk kane 42. 
UL HENS Fy hae See ee my ce RNR SoS ARE RO 0.0 
Chlorine <{(CLy fia.) oe a ee ee ee ae re eee 16.5 
Nitrates <({ NOg) s.2¥a 5 usb tek. re ee ie ee nee ae 0.445 
Nitrites (NOs) 09. J 5 cate eaten ete er ene eee aes ee 0.0 
Trons, Rey aseute ee ie aa eee Ay ee a a es EN sy Uae 0.03 


Total:-hardrieis” osx herr, eee i ee D200 


HENRICO COUNTY. 191 


To supplement the supply from this well and spring, the town, in 
1909, had a deep well sunk on the east side of the valley of Bacon Quarter 
Branch. This well, 759 feet deep, yields to a pump 40 gallons a minute 
of excellent water. 

The drilled wells at Barton Heights go through Columbia and Chesa- 
peake beds, getting water from crevices in the granite-gneiss. Most of the 
drilled wells are from 50 to 150 feet deep, though a few are much deeper. 

At Fort Lee, dug wells 15 to 25 feet deep go through red clay into blue 
marl and then into water-bearing sand. The cost of digging such wells 
has been $6 or $7. Some of the wells seen were liable to pollution because 
of insufficient protection at the top. 


At Chestnut Hill and Highland Park nearly all householders have dug 
wells 20 to 40 feet deep, averaging about 30 feet at Highland Park. The 
water generally is soft. 


At Ginter Park most houses are supplied from the deep well described 
on page 92. Dug wells are 20 to 35 feet deep. One at the Jefferson 
Laundry yielded water that was too hard for laundry use. Analyses of 
water from these wells are given in tables 4 and 7. 

No account of deep wells in Henrico County would be complete with- 
out mention of the boring at Curle’s Neck, the 7,000-acre farm of C. H. 
Senff. This well near James River where the Talbot terrace plain has a 
maximum elevation of about 30 feet, went through Columbia, Chesapeake, 
Pamunkey, and Potomac deposits, striking granite at 310 feet. According 
to Mr. Bedell, superintendent at Curle’s Neck, a little sulphur-bearing water 
was found at 125 and 250 feet, and drilling was continued to 725 feet. In 
the granite water was struck at various depths, better in quality but less in 
volume than that above, and at 710 feet the well was temporarily 
abandoned. After remaining idle for a year, it was tested and the most 
that could be had was about 10 gallons per minute. As a last resort six or 
seven charges of dynamite, some 45 pounds in all, were exploded at various 
depths in the granite, with complete success. Mr. Bedell said that pumping 
at the rate of 100 gallons per minute continuously for three weeks lowered 
the water level but a few inches. The water, which is piped to several 
houses for domestic use and is drunk by 75 to 100 persons, is soft, clear 
and colorless, without taste or odor. 


192 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


The depths of dug or driven wells, character of water bed, and quality 
of water at a number of places in the county are summarized below: 


Details of dug wells in Henrico County. 











Depth of ; 
Location well Water bed ce . 

(Feet ) | ba gn" 
EKG’. Phy oa ee ete arnt eet se : 15-25 |Sand and gravel | Soft and hard 
Fair Oake 45 chee eee 18-22 Sand | Soft 
Glendale: 4 sas Ue ee eee eee L560 ies B ote ears ae el Soft 
Hiphland Park * 2.8057), sen eee oa 20-25 |Loam and sand | Soft 
Highland (Springs. «4. afiee. 6 ee ede ee 20-40 |Sand and gravel > Soft 
School * ch. indi wire aati = ea eae 20-50 Rotten granite © Soft 
Seven y. Pines i... 20 bee Gnome S About 20 Sand on Soft 
Varuna, (Grove. bit. cps a eee ee About 30 Sand Soft 


Conclusions.—As the Lafayette and higher Columbia terraces have a 
thick covering of clay loam it is probable that dug wells, even when houses 
stand closely, will be satisfactory from a sanitary standpoint, provided that 
wells are properly protected, and provided they are not sunk close to cess- 
pools or privies. Drilled wells properly cased are, however, preferable. 
Good water can probably be had by wells drilled to the Potomac beds in 
the eastern part of the county, but the prospects for flows, even at an ele- 
vation of less than 10 feet above tide level, are poor. 


ISLE OF WIGHT COUNTY. 


General description.—Isle of Wight County, formed in 1634 as one of 
the original shires of Virginia, lies south of James River and east of Black- 
water River. Smithfield, with a population of 1,278 in 1910, is the onlv 
incorporated town. 

The general slope of the surface is southeast. It varies from flat to 
gently undulating, though the Columbia terrace plains are somewhat sharply 
cut along the north and east by creeks flowing to James and Nansemond 
rivers, of which Pagan Creek is the most important. The creeks in the 
western and southern parts of the county drain to Blackwater River, have 
open valleys, and flow sluggishly through cypress swamps. ‘The divide 
between the James River and Blackwater River drainage runs through the 
center of the county. Along James River and Pagan Creek the descent 
from the Wicomico plain to tide level is generally abrupt, there being bluffs 
along the James 50 to 80 feet high. The slope southwestward from the 
Blackwater-James divide is gentle, Moonlight having an elevation of 85 
feet and the Blackwater bottoms opposite Franklin 30 feet. 
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Noteworthy features of the topography in the northwest corner of the 
county, commented on by Rogers,® are the wide, poorly drained tracts 
known as pocosons. 


Geology.—The mantle of Columbia loams and sands hides the older 
beds except along the river and creek valleys. The Potomac and Pamunkey 
deposits are deeply buried, and the only outcropping Chesapeake forma- 
tions are the Yorktown and St. Mary’s. The sands, clays, and shell marls 
of the former in places constitute the whole thickness of the bluffs along 
James River, and at some localities, for instance near Fort Boykin, are beds 
crowded with marine shells that here and there form hard rock. The thick- 
ness of the Yorktown may be 100 feet; of the St. Mary’s about 250 feet. 
The formations are much alike, being differentiated by fossils. The top of 
the Pamunkey is from 200 to 400 feet below tide level. Nothing positive 
is known of the Upper Cretaceous beds nor of the Potomac. 


UNDERGROUND WATERS. 


Distribution and quality—The Potomac, Pamunkey, and Chesapeake 
groups contain artesian water. ‘The coarser sands will yield supplies at 
any point in the county, and along James River will give flows at eleva- 
tions below 25 to 35 feet. Nothing is known of the quality of the Potomac 
and Pamunkey waters, but there is every reason to believe that they are 
potable. The artesian waters in the Chesapeake beds are soft, alkaline, and 
adapted to domestic use. The shallow water varies in quality from soft in 
the Columbia sands to hard in the Chesapeake shell marls. 

Springs.—There are many springs along tributaries of James and 
Blackwater rivers, but few of especial importance. Most springs flow from 
Columbia sands, and a few from the top beds of the Chesapeake. 

Near St. Luke’s church, built in 1632 (Benn’s Church post-office), is a 
wayside spring of good flow, about 10 gallons per minute, that has been 
used by wayfarers for nearly 300 years. Its clear, fresh, but hard water 
flows from shell marls in the Yorktown formation. 


Wells—Dug wells with wood-lning are most widely used. In some 
places, particularly in the northern part of the county, curbing of 24-inch 
tile is being substituted for wood. The shallower wells, as a rule, reach 
Columbia sands and loams; the deeper wells penetrate Chesapeake sand or 
marl. ‘There are some driven wells scattered in the county, and there are 
many drilled wells along James River, Everets Creek, and Blackwater River. 





aRogers, W. B., Geology of the Virginias, 1885. 
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The drilled wells are nearly all of small diameter, 114 or 2 inches. Depths 
range from 40 to over 300 feet. Some have but 20 feet or so of casing ; 
others, and especially those drilled recently, are cased to the bottom. 


LOCAL SUPPLIES. 


Flowing wells along James River.—The town of Smithfield is supplied 
with water from a creek 3 miles to the west. In the town are a few dug wells 
which get hard water, and a considerable number of cisterns. <A drilled 
well 300 feet deep found a fine flow of soft alkaline water in the basal 
Chesapeake (Calvert) beds that are tapped by some wells a few miles 
farther up the river. 

Along James River, above Smithfield, are several flowing wells about 
300 feet deep. A part of the flow from one of the wells at a hotel near 
Day’s Point is bottled and sold by the owner as a table and medicinal water. 
It belongs to the sodic alkaline bicarbonated class, and like waters of this 
class in the tidewater country, contains little lime in proportion to the 
total solids in solution. As a table water it is light and pleasant. ‘The 
mineral content is shown by the following analysis: 


Analysts of Day’s Point Artesian Inthia water. 


(Froehling and Robertson, analysts. ) 





Parts per 1,000,000 


Total: solids 3%.0'36)') Ae Si WR a eee eee 434. 
Silica, (SiG. hs 0 s.d suatete oath a pele cea. ch dare eal en ee 12. 
Tron (UR@) 0032 vii eid Oa aak oF Oc) ee ee 0.19 
Aluminum: GAL)As caer saab eis wees ie eerie aes ee eae 0.53 
Mamea neg i i aick hie = vite ornare each 9 SOA ele ee ee .008 
Galeria” WOR Ay x ek pire wee Oh ee Ck ee ee ee 226 
Magnesium (Be )oncy,.). 5 teat siedee, 8 heehee te ote | 
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Potasarumi? CBR 2 oe ee ee car ae coe, a ice ene ee ad ee 
Manganese |.( Mit) lek Bagi oles doc eee es me 0.008 
Todine (1): i vest sib io eeatd «anaes cos heer ee ee ae ee 0.004 
Tathivm’ CLA) OP RAe ee sic etetie n e cee e eee 0.008 
Bromine «(Br)) 4... fuged eee Wi eee 0.36 
Arsenio (CAS )e ic ka 5 fe eee [otitis been ne ht trace 
Carbonate raticlé [COS er fo he ete ae eee ee 204. 
Sulphate radicle;, (SO, )o.42 (2 ans 4 oak, eee ee anes, Lie 
Phosphate ‘radicle. (PO joo init nso chro ei at Seg 0.85 
Ghiorine’ sf Ch): eth Ae Ee a ae See eee so 25. 
Carhon..disxide. (G0.)..comibimed)* sts atxc eek ee eee 165. 


Free carbon dioxide (CO.) 2.6 cu. in. per liter. 


A well near by, owned by J. P. Tower, is said to penetrate the follow- 
ing succession of beds: 
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Record of well of J. P. Tower, 3 miles cast of Shoal Bay. 











' | Thickness Depth 

Material (Feet) (Feet) 

re Ee eal, 5 low pe seu su  e aiara. a Bla ae noes tae’ © 1% 1y% 
OLN) BIE Tee Vi cice .) ee les le Pom Oe ae Ooh e's | 10% 12 
OSI 8 CURT a rel BPO oe See rae 8 a eae a Re | 18 30 
PSR TEs PLOT PR Re csc rit at w. vtend eget Lie CU RO eee ka | 140 170 
Reccianeare aver-colorea’ “mud! Wes eee ee | 4 174 
Blue marl] with sandy beds, rocks at base.................-- | 106 280 
celts LEDS ie Ee ae Eee nen yy ura naa | 4 284 
Ven Say io) TR Se Te SR Mie A vale ea | 3 287 
a RTE BENE OUE OC Niliad el AaSE, We ink (ul ev uy. case PAN REE FES A Fie | 16 303 


These wells are on a bluff 30 feet above James River, hence they yield 
small flows. 

The flowing wells near Hverets tap local sands high in the St. Mary’s 
formation. The flows are weak, but the water is of good quality—a little 
harder and less alkaline than that from the deeper Chesapeake (Calvert) 
beds along James River. The wells were inexpensive, costing only 10 cents 
per foot for the driller’s time, the owner providing the necessary extra 
labor and the pipe. 

Flowing wells along Blackwater River.—On the west side of the county, 
in the bottom lands along Blackwater River, flowing wells have been drilled 
from north of Zuni to the south end of the county below Franklin. The 
wells tap sands lying in the Chesapeake group (St. Mary’s formation) 
about 150 feet below tide level. Most of these wells are of small diameter 
(2 inches), and are used for household supply or for watering stock. There 
are several near Zuni. At the plant of the Shaw Lumber Co., at Ivor, 
elevation 60 feet, a 6-inch well supplies water for a number of houses; be- 
cause of the elevation the water does not rise to the surface and a pump 
is used. For details of other wells, see table 5. 

Conditions at some of the villages depending chiefly on dug wells are 
noted in the following summary, compiled from reports of various persons: 





Details of dug wells in Isle of Wight County. 


Depth of : 
Location alle Water bed aboca a oF 

(Feet) water 
SOTIYY aA NURTURE Sa ts var cc 50 oles 2 12-20 Sand Soft and hard 
2 ]0)c) QIN eee ee Re oe ae 12-40 Sand and marl |Soft and hard 
POTTS USLIOM Aer: bo Reais 8 ¥rc's disco we: 15-24 Sand and clay Soft 
INT S OW ASTO 6 De Se 18-20 Marl and blue clay Hard 
PACUICHA IC, weetrektr a yir oie ket a ese 10-30 Sand and marl | Soft and hard 
PLGOMI Grete ards tah hdd ds, A 1d 25) 5s 12-15 Sand Soft 
RTOS te A teeee ota bras See ash, ¥: Se)» LOE LOU. Bearcat ac oak eek ce Fair 
WN LAS COLO sees Cis Air os, Ars: ale 12-16 Sand Soft 
TR) One aco ae eno ga a 12-18 Clay and sand Soft, irony 


PU ESIEDL Vir Mee setter Fae as so bev wh ates 10-15 Sand Soft 
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Conclusions.—W hile more care than formerly is now being taken in the 
location and protection of dug wells, there are many that are liable to pollu- 
tion. Artesian water of satisfactory quality can be had anywhere in the 
county at a maximum depth of 300 feet below tide, but to drill with the ex- 
pectation of getting flows at points higher than 35 feet above sea level will 
probably prove a waste of effort, except near James River, where carefully 
cased wells may find water that will rise 40 feet above sea level. Potable 
water can be found at greater depths, and the Potomac group in particular 
contains vast supplies. These is nothing to indicate that the Potomac water 
will not be potable at 1,500 feet below surface, though in the northeast 
corner of the county these very deep waters are liable to be more mineralized 
than those obtained from the Chesapeake beds. 


JAMES CITY COUNTY. 


General description—2James City County, one of the original eight 
shires of the colony of Virginia, lies north of James River and Chicka- 
hominy River, and south of York River. Historically, the county is note- 
worthy for containing Jamestown, the site of the first permanent settlement 
of English-speaking people on the American continent, and Williamsburg, 
the first incorporated city in Virginia. At Wilhamsburg is William and 
Mary College, the original charter of which antedates that of Harvard 
College, making it the oldest chartered institution of learning in the United 
States. 

Situated between York and James rivers, the county has characteristic 
topography of the western shore type; the Sunderland terrace forms the 
divide but has been dissected by streams flowing to the rivers on either side. 
The principal streams are Diascond Creek, a tributary of Chickahominy 
River; Ware and Taskinash creeks, which empty into York River; and 
Warwick River, a tributary of York River, which separates the county 
from Warwick County on the northeast. The greatest elevation of the 
Sunderland plain is in the northern part of the county between Ware and 
Diascond creeks, where it is about 130 feet high. Along York River there 
are only small patches of the Wicomico terrace, but along James River, 
and particularly along Chickahominy River, there are some wide stretches 
of it having an altitude of from 50 to 80 feet. The lowest plain is better 
represented along James River than along York River, and is especially 
conspicuous in the vicinity of Jamestown Island. 

Geology.—The Potomac and Pamunkey beds lie below tide level. The 
top of the Potomac or Upper Cretaceous is 320 feet below tide level at the 
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west end of the county, and 580 feet at the east end. The top of the 
Pamunkey is 180 to 380 feet below sea level. Of the Chesapeake formations 
only the Yorktown and St. Mary’s outcrop. Their characteristic dark 
greenish or bluish sands and sandy clays and included beds of shell marl, 
weathered to reddish, buff and yellowish tints, are seen at marl pits. The 
total thickness of the St. Mary’s exceeds 200 feet, but is not exposed above 
tide water within the limits of the county. 


UNDERGROUND WATERS. 


Distribution and quality.—Ground water, found in the Columbia and 
Chesapeake formations, is mostly soft, but in places marl beds yield hard, 
irony water. ‘The water from the Pamunkey and Chesapeake beds has all 
the characteristics of that from corresponding horizons in adjoining 
counties. It is beautifully clear and slightly alkaline, but at some places 
is sulphur-bearing. ‘Though plenty of potable water can undoubtedly be 
obtained from the Potomac beds little is known of their possibilities. 


Springs.—There are a great many springs in the county, but none of 
commercial importance. ‘They are used to some extent for household 
supply, but mostly for watering stock. The waters resemble those obtained’ 
from shallow wells in being clear and soft when flowing from Columbia 
sands, and hard or even iron-bearing when issuing from Chesapeake marl 
beds. Springs of perennial flow are numerous, but flows of more than 
10 gallons to the minute are few. 


Wells.—Dug wells are the chief source of domestic supply. Some 
drilled wells have been sunk near Wilhamsburg and along the river, but 
the number is not large. ‘The prices for sinking these have varied accord- 
ing to the diameter, ete. A number of 3-inch wells near Jamestown cost 
about $1 per foot, complete. 


LOCAL SUPPLIES. 


Williamsburg, with a population of 2,044, had no public water supply 
system in 1906; the inhabitants relied chiefly on dug wells, though there 
were some cisterns in the town. ‘The deeper dug wells get hard and irony 
water from the Chesapeake marls. As the town was without sewers, and 
the location and surroundings of some wells made their pollution easy, and 
as water from these wells may travel through the marls. a considerable 
distance without undergoing purification, the quality of the water from the 
dug wells in the central part of the town was not above suspicion. 
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The deep wells at William and Mary College, the Eastern State Hospital 
for the Insane, the ice plant, and the knitting mill, particulars of which 
are given in table 5, tap coarse greenish sands full of shell fragments 
near the base of the Chesapeake. The water rises about 35 feet above mean 
high tide in James River, and as the surface elevation is 60 to 80 feet, 
pumping is necessary. At William and Mary College, the knitting mill, 
and the ice plant, deep well pumps are used; at the Hastern State Hospital 
an air-lift. Two wells supply the hospital; one is 8 inches in diameter ; 
the other, owned by the Marshall estate, is 6 inches. The supply from the 
first is about 50 gallons per minute and from the second 100 gallons per 
minute. ‘Thirty-five horse power is required to drive a duplex air com- 
presser (air cylinders 1814 by 1214 by 12 inches), which furnishes air 
under a pressure of 75 pounds per square inch to both wells. The water 
runs to a reservoir, whence it is forced by a steam pump to an elevated 
tank. Both wells still throw considerable sand containing fragments of 
Miocene shells up to several inches in diameter, though the wells have been 
pumped steadily for over 10 years. The water is used by about 1,000 
persons. An analysis made by Dr. W. H. Taylor, State chemist, is given 
in recalculated form in table 8. An increased supply for the asylum, if 
needed, can be obtained without great difficulty by deepening the present 
wells, or by sinking new wells 200 feet or so deeper. 

The well at William and Mary College has a deep well pump, geared to 
a 4-horse power gasoline engine. The yield is about 50 gallons of water 
per minute. The water is forced to a 30,000-gallon tank on a steel tower 
75 feet high. About 200 people used this water in 1906. 

The general similarity of the water from the Williamsburg wells is 
shown by the analyses in table 8. Except for a tendency to foam it works 
well in a boiler, neither forming scale nor corroding. In the open air it 
corrodes iron, and tanks on steel towers need to be kept tight to prevent 
damage to the towers. 

Of the wells on York River, one of the most notable is that of W. H. 
Davis, 235 feet deep, on Taskinash Creek, 2 miles north of Croaker. The 
water has been sold in small amounts for medicinal and table purposes. 
An analysis, recalculated from one furnished by the owner, is given in 
table 8. : 

A flowing well on Chisholm Creek, 8 miles southwest of Lightfoot, 
owned by the Powhatan Fish and Gun Club, gets water from a mid-Chesa- 
peake bed at 148 feet. 

The flows from recent wells near Jamestown Island deserve particular 
notice because of their volume and head. The wells (see table 8) get 
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water between 270 and 300 feet below mean high tide in greensands that 
in places contain pebbles over a half inch in diameter. One of these wells, 
that of W. H. Ayers, is but 3 inches in diameter yet flows 85 gallons per 
minute at an elevation of about 15 feet above high tide; the head is 43 
feet. This well, at the time it was completed, had perhaps the best flow 
of any in Tidewater Virginia having the same diameter. ‘The green- 
sand of the water bed contained pebbles of quartz and silicified limestone 
nearly 1 inch in diameter. Frank Carman, the driller, procured from a 
nearby well belonging to Chas. Babcock a series of samples, from which and 
his notes the following log has been compiled : 


Record of well of Charles Babcock, 1 mile north of Jamestown. 
(Authority, Frank Carman, driller.) 


Thickness | Depth 


ee (Feet) | (Feet) 

SOLganuLrel me lay CMO SLIN DIG) sci . oes atid Aves Kew Ce wei 6 6 
Reddish sand (no sample); water at 15 feet................ 10 16 
White sand and small gravel; water at 45 feet............. 39 54 
Dark bluish clay (dark greenish, slightly sandy, micaceous | 

Gia W LEIP EME LETH OUICTICG,) sy oe visa os wate ce hi sie nee ecards 45 99 
PPS EAE Were aor een apa Oe OF Wao tt 6 10 109 
Shell marl, hard layer of shell rock, drill drops in going through 30 139 
OTSA Phe dC Ng Ea re Sen OR 8 a AL IROL, A RI ea Le 4 ola ene 10 149 
Light-colored mud, soft at top, tough at bottom............. 13 162 


Very hard gray sand, light stream of water at about 170 
feet, would not rise to surface (sample at 173 feet contained 
Re eT RCC eN ae Rete ae a) hats eto ha OTe OR Paxtdedd cis Aue sis «als, PSR 16% 178% 

De Oe EAU SEIU Mite eee als a= aca eS wit SREY Woes acs 2 al to zy, i8l 

Coarse black sand (quartz sand full of dark green to black 
glauconite; sharks tooth at 193 feet; light stream of water 


at 190 feet, rose to 10 feet of surface) ........05...0.045. 45 226 
Blue mud (dark sandy clay, slightly glauconitic)........... 25 251 
Blue marl, at wells nearby a stiff red clay which choked pipe 3 254 
Black sand (coarse quartz sand full of dark glauconite) runs 

badly and clogs drill pipe, water at 260 feet.............. 26 280 


Teer Tease Bah. cities lng toad ee te aw eS aay Oe lela. 5 285 
Sa of eats 0 COW ES ae Ae A ne a eA 4 289 
Sena Nstees Pine TPE Lr LU te ee Goo ude se Maveenln: flay eicdwlpiacwr ole far ce | 21 310 
10 520 











Other fine artesian wells in the immediate vicinity are owned by J. H. 
Franklin and 8. W. Grimes. On Jamestown Island, in the rear of the 
ruins of the old church, a well 6 inches in diameter was sunk in 1905 for 
the Society for the Preservation of Virginia Antiquities, that owns the 
ground on which stands the ruins of the church and of Lord Ware’s resi- 
dence. ‘The well flows about 40 gallons per minute at an ‘elevation of 8 
feet above high tide. The greensand water bed contains large pebbles. 
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‘he water from all the wells near Jamestown Island resembles that 
from the wells at Williamsburg. A field assay of a sample from the well 
of W. F. Ayers is given in table 8. 

The villages in the county, except Bacon, Jamestown, and lola, stand on 
high ground near the line of Chesapeake & Ohio Railway, and get water 
from dug wells. In places, as near Iola, a spring yields hard water, while 
a well nearby gives soft water. Such an occurrence of soft water below 
hard is to be explained by inequalities in the contact between the Chesa- 
peake and the overlying beds. The spring flows from a marl bed in the 
Chesapeake, while the well on the terrace below does not reach the Chesa- 
peake. The well showed the following section : 


Record of well at Lola. 














|Thickness ; Depth 


Material (Feet) (Feet) 
Yellow loam. and ‘Clay yn ck Genelia fe kt am ance ie 20 20 
White sand © fhe ocr ec ea 2144 | 22% 
Veollove:: perm. 2b. se esc ne, cpa Be a sw a, a 21% 25 
Sand; ‘pebbles,’ and ‘cobbles; .wateriniss.2\)2 as - alee ee 5 30 


The depths of wells, character of water bed, and quality of water at 
several post villages are shown in the following table: 


Details of some dug wells in James City County. 











Location Depth Water bed Quality of 
(Feet) water 
Bacos: 3. geo er eee ee 10-15 Sand Soft and hard 
Diaseond | a: eo geen eee eee ee 15-62 Sand and clay 
Towel] act... <n PRs ne bees oe | 30-40 Sand and marl Soft and hard 
Lola sk eh: a siebace hiss Semen eee ee 10-30 Sand and marl Soft and hard 
TOand 5% ss Cidade. ees 6 eee 20-40 Sand and gravel | Soft 


Conclustons.—Good artesian water can be had nearly everywhere in 
James City County, but flows can not be expected at elevations greater than 
30 feet above tide level. ‘The entire practicability of supplying Williams- 
burg with soft water free from bacteria is shown by the deep wells already 
drilled. Larger flows than those now obtained can be had by going to 
sands 200 feet deeper. 


KING AND QUEEN COUNTY. 
General description.—\King and Queen County, formed from New Kent 


in 1691, lies north of York and Mattaponi rivers. Walkerton, the largest 
village, has a population of about 250. 
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Most of the southern part of the county lies between Mattaponi and 
Pianketank rivers, but much the larger portion of this part and all the 
northern part drains to the Mattaponi River, Forge Mill Swamp, and 
Chesetank Creek being the most important tributaries of the Mattaponi ris- 
ing within the county. Pianketank River, which rises in Dragon Swamp, 
is pecuhar in having no important tributaries throughout its course. ‘The 
general relief of the county is like that of much of Tidewater Virginia. 
The divide between Pianketank and Mattaponi rivers is formed by the undu- 
lating Sunderland plain, which is deeply trenched by tributaries of the 
latter stream. Lower terraces are found along the rivers. The maximum 
elevations of the Sunderland range between 180 feet at the northwest end of 
the county, and 100 feet near the southeast end. 


Geology.—TVThe greensands of the Nanjemoy formation (Pamunkey) 
and the sands of the Calvert and Choptank formations (Chesapeake) are 
exposed along Mattaponi River. The Pamunkey greensands and shells 
show above low tide level from Beverly Creek to above Walkerton. 

The Potomac beds are deeply buried. Of the surficial formation of the 
Coastal Plain, the Lafayette does not reach as far east as the western end 
of the county, but all the Columbian formations are present, their clayey 
and sandy loams forming much the greater proportion of the soils. ‘These 
formations, the Sunderland especially, are more pebbly toward the western 
end of the county. 


UNDERGROUND WATERS. 


Distribution and quality—The existence of water-bearing sands in the 
Chesapeake, Pamunkey, and Potomac formations has been proved by 
artesian wells along Mattaponi River. Most of the wells, at Walkerton 
and below, get water from Pamunkey greensands, or possibly sands of 
Matawan age, though in the lack of fossil evidence it is not possible to say 
that Upper Cretaceous beds extend as far west as King and Queen Court- 
house. None of the sands tapped gives flows at over 40 feet above sea level. 

All the artesian waters are soft and alkaline from bicarbonate of soda. 
The iron and lime content are generally low; the proportion of common 
salt present 1s remarkably low under the western part of the county, but 
increases a little toward the east. Most of the flows are not noticeably 
sulphur-bearing. 

The shallow waters vary ; most of those in the Sunderland and Wicomico 
formations are soft. Shallow water in Chesapeake beds is liable to be hard. 


Springs.—Springs are numerous, as stream valleys and gullies cut 
through the Sunderland and later Columbia formations and expose the 
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less permeable beds of the Chesapeake. Many of these springs are of fair 
size, but none is of commercial importance. 

Wells—Dug wells ranging in depth from 10 to 40 feet are the principal 
sources of domestic water supply. Driven wells are comparatively few. 
Along Mattaponi River is a considerable number of drilled wells, 120 to 
300 feet deep. 

LOCAL SUPPLIES. 


At Walkerton dug wells were for many years the sole source of 
domestic supply. Now there are only three or four dug wells, which are 
mostly at barns. They get water at depths of 18 to 25 feet in the terrace 
above Mattaponi River. Water for drinking and household purposes, also 
for a pickle house, is obtained from artesian wells of which over 20 have 
been put down. All but one or two get water from Pamunkey sands which 
lie 200 feet or more below tide level. The deepest well, that of John A. 
Mitchell, was bored for coal which was supposed to underlie the village. 
It went down 372 feet but found no coal and no flow below a free one at 
about 250 feet. The shallowest well, that at the steamboat wharf, is said 
to be but 180 feet deep, yet it flows a good stream. One well owned by the 
Mattaponi Pickle Co. gets its flow from the Potomac at a depth variously 
stated as 330 and 350 feet, but found several flows above the one developed. 

No records of the Walkerton wells were kept, but all the beds went 
through “rock” and found water in black or gray sand below. One well 
drilled in 1906 flowed a little sand for a few months after it was com- 
pleted. This sand which came up through a 34-inch pipe extending to the 
bottom of the well, 235 feet, consisted of medium fine quartz grains with 
black and dark green granules of glauconite. 

The later wells at Walkerton have casing to the first rock struck or have 
pipe to the bottom, but the earlier wells were cased only about 20 feet. 
Many of these wells undoubtedly leak below the casing, have become 
clogged by sand, and have had their yields reduced by wells at lower ele- 
vations, tapping the same bed. Some wells on the terrace, 30 feet above 
the river, flow very weakly at high tide and at low tide barely drip, though 
when first completed they flowed strongly. The original head of the deeper 
Walkerton wells was probably 35 to 40 feet above mean high water. 

All the wells yield alkaline water, which at most wells has a faint 
sulphur odor. The field assay in table 9 shows the softness, the low 
chlorine content, and the decided alkalinity, characteristics of the flows. 
This water can be used in a horizontal boiler, but foams badly in a vertical 
boiler. 

Above Walkerton on Mattaponi River is a fine well, drilled at the 
bottom of a bluff in front of the residence of A. B. Gwathmey. It is but 
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190 feet deep, but flowed at an elevation of 8 feet, fully 35 gallons per 
minute. The head is 35 feet, so that while the water will not rise to the 
level of the ground on which the house stands, 40 feet above the river, it 
can easily be raised by a ram. The water bed is described as black and 
green sand below a rock. Samples showed the rock to be a medium-coarse, 
indurated sand, containing much dark glauconite and many shell frag- 
ments; it might be termed a glauconitic sandstone. At a 275-foot well, 
owned of John N. Ryland, half a mile from the river, the water rises to 
17 feet from surface or about 40 feet above tide, and has to be pumped. 

Below Walkerton, near the mouth of Mantapike Creek, a 150-foot well, 
owned by the Mantapike Canning Co., flows 20 gallons per minute of ex- 
cellent water from basal Chesapeake beds. ‘The actual cost of sinking was 
about $35. 

At King and Queen Courthouse a deep well, owned by the county, for- 
merly flowed, but in 1906 was pumped, the water rising about to the sur- 
face. It threw much fine sand which contained grains of glauconite. 

Along Mattaponi River below the Courthouse and along York River are 
many flowing wells. At Chain Ferry are two about 168 feet deep. ‘The flow 
comes from the same Chesapeake beds that supply most of the many wells 
at West Point, and the waters are of essentially the same quality, soft, 
alkaline, and slightly sulphuretted. (See field assay in table 8.) 

Near the east end of the county a well near Gressitt, belonging to W. F. 
Anderson, is cased to rock, and after being in use 11 years flowed 8 gallons 
per minute at 11 feet above tide. It taps the same beds as the wells at 
Chain Ferry, and the water is of the same general quality. 

A number of villages report the data shown in the following table: 


Details of dug wells in King and Queen County. 

















Depth of | : 
Loeation Halk Water bed | omar oe 
Woyaees water 

NEST TolAy et ERE ASS Se ce a b 410-50 Clay, sand and gravel) Soft 
BLED een, Suk Crust heel hik iy 9 eee ae | 30-75 Soft 
Us ritonamatoreu. ©. ae kci tO. 20-60 Sand Soft 
eV atea ito ehet NLS ES ee eae 20-50 Sand Soft 
Sb vishe te gees We. aya. ee a 20-40 Sand and marl Soft to hard 
Dire ciny tlle eas tree Mehl es 53.4. 10-40 Hard 
|Win tig, Seelam ett SE eA el oi 15-50 Clay and sand Soft and hard 
RL BOLE iL, Fis late g ey.» iiot oc, 8 oaks 30-40 Gravel and sand Slightly hard 
PSG VOLSt Pee Sey ey ettededs, Ale Os was 30-50 Marl Hard 
ATEN Olam Rare e plana othe-0ie 30-50 Sand 
MePGCG EL VITICU UL Gare Se weluaneey so a 25-40 Sand Hard to soft 
La EN gy lee ae A aie Oe eee 20-30 Sand and marl 
PNACROEITOTO gos haruhi. fae as 14-24 Gravel Soft to hard 
Spe NPAT Wee OE CRE BAe ee 15-25 Sand Soft 
PLEVENAVI LIER Uneee nett o wks Cae x 22-45 Marl and sand Hard 
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At Edna the deeper wells go through soil, yellow clay, and thin beds 
of white and yellow sand to about 35 feet, finding water in white sand and 
small gravel below iron crusts. 1 

At Favor the average section of 35-foot wells shows red and yellow loam, 
black “fullers earth,” ‘‘rock,’ and shell marl; while at Plainview wells 
go through loam, clay, white sand, and fullers earth, below which is shell 
marl. 

Conclusions.—Artesian water of good quality can be had under the 
whole of King and Queen County, but flows can not be expected at eleva- 
tions of over 30 feet above tide. In places where the interference of wells 
has resulted in diminished yield, more water under higher heads can be had 
by going deeper. Places on high ground can avail themselves of the soft, 
germ-free artesian waters by pumps, but at elevations above 50 feet the wells 
should be of sufficient diameter to permit the use of pump barrels inside the 
casing. 


KING GEORGE COUNTY. 


General description.—King George County, formed from Richmond 
County in 1720, occupies the west end of the Northern Neck, the peninsula 
between Potomac and Rappahannock rivers. ‘The county contains no large 
towns and no large villages. Some of the farms are owned by men of 
wealth who are remodeling the old mansions and installing water supply 
plants drawing on artesian flows. 

Lying near the western edge of the Coastal Plain, and having tidal 
rivers on two sides, King George County has greater relief than most 
counties of Tidewater Virginia. As a rule the divide between the rivers 
is rather narrow, and is much dissected; it comprises portions of the 
Lafayette and Sunderland plains. The Lafayette plain has an elevation of 
220 feet near Boscobel farm. King George Courthouse stands on the Sun- 
derland plain at an elevation of 130 feet. 


Geology.—Potomac, Pamunkey, and Chesapeake deposits underlie King 
George County; the first are not exposed, but the Pamunkey clays and 
greensands are exposed along Potomac River from the county line to 
Mathias Point, and along Rappahannock River from 10 miles below 
Fredericksburg to 4 miles below Port Royal. At the western side of the 
county the Pamunkey beds rise 125 feet above tide level; at the eastern 
side their surface is just below tide level. ‘Their total thickness is 200 to 
250 feet, and the Potomac-Pamunkey contact dips east 12 to 25 feet to the 
mile, its depth below tide varying from 50 to 220 feet. 
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The Calvert formation of the Chesapeake contains much diatomaceous 
material, especially in the southeast corner of the county near Wilmont 
Landing on the Rappahannock, where dry fragments of the light-colored 
diatomaceous clays float when they fall into the river from the conspicuous 
bluffs. 

The Chesapeake sands, clays, and marls are mantled by the buff and 
yellow Lafayette and Columbia loams with beds of sand, gravel, and cobbles. 
Boulders 5 feet or more long are found in the lower terraces. 


UNDERGROUND WATERS. 


Distribution and qualvty—The waters in the Columbia sands vary in 
quality from clear and soft to irony and hard. Although the Potomac 
sands underlie the whole county, and undoubtedly contain much water, few 
wells have been sunk to them. ‘The basal sands of the Aquia formation of 
the Pamunkey contain supplies of soft water. The Chesapeake, as it lies 
above sea level, contains no sands that yield flows. ‘The shallow Chesapeake 
waters are generally hard. 

Springs.—Because of the dissection of the surface the county contains 
many springs, mostly of small size. A few are used for domestic supply. 
None of commercial importance has been reported. 

Wells——Dug wells with wood lining are the main source of domestic 
supply. Because of imperfect drainage, wells located on the lower and 
flatter terraces are particularly lable to contamination by surface water, 
and some of the backyard wells with decayed lining, through which all 
manner of filth drips at every rain, are a continual invitation to visitations 
of typhoid fever. Driven wells are much preferable from a sanitary stand- 
point, and the deep flowing wells are inexpensive in comparison with the 
security they give. 

LOCAL SUPPLIES. 


Rappahannock Rwer.—Two miles east of Sealston is a 250-foot flowing 
well drawing on Potomac beds, owned by John Curtis. It is on a terrace at 
an elevation of about 35 feet above tide, and flows two-thirds of a gallon per 
minute. It is noteworthy for showing variations of flow, due to fluctua- 
tions of atmospheric pressure, as stated on page 38. ‘The water, used for 
drinking, is not so soft as the Pamunkey flows, but is of excellent quality. 
No record was kept of the formations penetrated; the well was driven to 
247 feet and drilled below. The flow is from “quicksand.” 

At or near Port Conway are several flowing wells drawing on the sands 
at the base of the Pamunkey or on Potomac sands. One supplies water for 
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a canning factory; another at the residence of R. V. Hunter is harnessed 
to a small ram that supplies the house; and a third at Oakenbrow farm, 
owned by Dr. J. H. Low, flows only about 2 gallons per minute at the level 
of the terrace on which it stands, but by a gasoline engine and pump 200 
gallons per minute can be forced to a tank at the residence, on a bold head- 
land of the Sunderland terrace, 100 feet above the well. 

The character of the material penetrated at Port Conway is indicated 
by the following generalized section: 


Record of well of R. V. Turner, Port Conway. 
(Authority, O. D. Hale, driller.) 


Thickness | Depth 





Material (Feet) (Feet) 
Sand! and ‘gravel (ace. outer ee cose eile ee Soe ane aie 12 12 
Light and dark clay (blue and lead-colored).:.............. 212 224 
Sand 3) water-Hearing aic.os uk 6 > shag ete & 4 bites Sik ne ee eee 8 232 


The flows of the Port Conway wells are clear and soft. The water has 
a slight odor of “sulphur” when fresh from the well. (For field assays see 
table 8.) 

The exact depths of the wells at Wilmont Landing could not be ascer- 
tained, but they probably tap the sands near the base of the Pamunkey 
about 275 feet below sea level. 

On the wide terrace along Rappahannock River, near Sealston, is a 
considerable number of driven wells. From one the following record was 
reported : 


Record of well of Frank Taylor, 2 miles south of Sealston. 


‘Thickness ; Depth 








Materral (Feet) (Feet) 
Red Loa mt sé 6-64 esa e kis Seah eee ee ee ca tee a ee ee ak | 3 3 
Réd “Glay.. oa, ease deree nee Gasee ate ore peed aes seat ee ea 3 6 
Fine: red sand ise%.c Sex see be ee eee 6 12 
Pine “OTAVGL sas ce 5h cel ohare ee hd otaln sa Pape ee en cers 4 16 
Gravel ‘and small’rock. .s.2 SAC 2 .Ce a ck pe eee ee ee 2 18 
Boulders. and .eobblesws..... ai eeitaycan bie eee ae s] 21 
Marl. black sand “\. 27 sages cores oes ee eee Re ee 


This section is said to be characteristic of driven wells in the vicinity. 

Potomac Rwer.—Several flowing wells have been drilled along Potomac 
River from Chatterton east. The waters are from near the base of the Aquia 
formation of the Pamunkey, or from the Potomac. 


eo 
ai 
~~ 
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KING GEORGE COUNTY. 


A well on Mathias Point is reported to have shown the following section: 


Record of well of C. H. Pemberton, Mathias Point. 











. 'Thickness | Depth 

aera (Feet) | (Feet) 

Pe te es Ce ee Rc ef 8 ol sod iy gia Oh Gite twicareht Grae ase v & © 39 30 
UNCVA'S SONI SUT RMU Gp A san Pa I gE Ie CRA Sell A Py ee ae | 35 65 
Pile Cet VERMA UES NREL st Gib giv n s oll ee kee Sigh ey Reyes | 56 121 
ye Pa) Fae 07 ie ep eee See On ae AL Ame, oe Oo eee ee es RS em 20 141 
AEE Cs ROPES SOMERS UMN oh Seals 5 ce aes oe e  ¢ Mp Set Bee re A te he 30 171 
Ppt etek Wy Ra Ge, eta ig hee is ana siete pra) SNS e he vig a a Bladen 30 | 201 
Sandstone and clay; stone at 227 feet, water at 236 feet..... | 35 | 236 


This well has only 16 feet of casing, but a 1-inch pipe runs to the 
bottom. The water, soft and clear, is used for household purposes. A 
field assay of a sample is given in table 9. 

Near Pluck, Dido, and Vivian are several flowing wells that were drilled 
at oyster and fish-packing houses. ‘The reported depths range from 175 
to 300 feet, but most of the wells probably draw on the Aquia sands. A 
flowing well near Pluck is but 50 feet deep, and its irony water evidently 
comes from a bed high up in the Nanjemoy. 

At King George Courthouse are 7 or 8 dug wells, 40 to 50 feet deep, 
that get water from yellowish sands at the base of the Sunderland forma- 
tion, or at the top of the Chesapeake beds. The quality is fair. Conditions 
at some of the settlements dependent on dug wells are shown below: 


Details of some dug wells in King George County. 











Depth Quality of 





Location (Feet ) Water bed cee 
ora TALES Ths ng gk Se Ao a 25-60 Sand Soft 
vm Tes UA a Bl pe gi ee 60-100 |Clay and sand Good in deep wells 
Pree ALAND Peete otha ya ng, Son 18-90 |Clay, sand and marl/Hard in deep wells 
Be aAOU Sake Oi wait. soa A 40-65 Gravel Soft 
BULIOD tte re nee ee ie, RA ee ae Ore 30-50 Sand and marl Soft 


Near Hampstead dug wells penetrate 25 feet of loam and clay, 15 feet 
of gravel and sand, and find water on the top of the Chesapeake marl. 
Here and at a number of other points in the county digging into the dark 
bluish, sandy clay or “marl” of the Chesapeake obtains a scanty supply of 
water of poor quality for domestic use. 

Conclusions—Good artesian water, soft but alkaline, that will rise 
20 to 30 feet above sea level can be had at nearly all places in the county. 
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KING WILLIAM COUNTY. 


General description.—King Wilham County lies between Mattaponi 
and Pamunkey rivers, extending some 30 miles northeast of the point where 
they unite to form York River. At the junction of Pamunkey and Matta- 
poni rivers is the city of West Point, with a population of 1,397 in 1910. 
The county is rather sparsely inhabited and contains few large villages, 
some of the larger being Lester Manor, Cohoke, King William, and Aylett. 

Topography.—The topography is diversified. The northwestern portion 
of the county approaches the western edge of the Coastal Plain, and the 
Lafayette terrace extends into it, but most of the surface is formed by the 
Sunderland terrace, which is deeply cut by stream valleys. Along both 
Pamunkey and Mattaponi rivers are expanses of the Wicomico and lower 
terraces, especially the Wicomico, which contain much good farming land. 
‘he elevation of the Lafayette terrace is about 200 feet, while that of the 
Sunderland is 180 feet in the northwestern part of the county, and 110 feet 
in the southeastern part. ‘The Wicomico terrace varies in elevation from 
50 to 90 feet, and the other lies below 60 feet. 

Geology.—Potomac, Pamunkey, and Chesapeake beds underlie the 
county, but the Potomac beds are not exposed. The top of the Potomac 
may be 200 feet below tide level on the northwestern boundary of the 
county, and 400 feet below at West Point. 

The greensands of the Aquia and Nanjemoy formations of the 
Pamunkey group outcrop along the Pamunkey River from the west end of 
the county to Piping Tree Ferry, where they disappear below the tide level. 
Above the Pamunkey are Chesapeake sands and clays more or Jess covered 
by Lafayette or Columbia gravels, sands, and loams. The base of the 
Chesapeake is 20 feet above tide level on the Pamunkey near Hanover 
Courthouse, and 180 feet below at West Point. The base of the Pamunkey 
group is 150 to 350 feet below. In the Wicomico and Talbot formations of - 
the Columbia, particularly along Pamunkey River, are many large sub- 
angular boulders. 

UNDERGROUND WATERS. 


Distribution and qualityx—Ground water that supphes springs and 
shallow wells is found in the Pamunkey in the western part of the county, 
in the Chesapeake in the eastern, and in the Lafayette and Columbia terrace 
materials. Its quality generally is excellent. Artesian waters underlie the 
whole county. ‘The Chesapeake and Pamunkey groups furnish fine flows 
in the eastern part of the county. At the western end of the county, where 
the Chesapeake lies above tide level, water that will rise above tide level 
can be had from the Potomac, but few wells have been drilled to it. 
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The Pamunkey and basal Chesapeake waters differ but little, being 
delightfully soft, and more or less alkaline from the presence of bicarbonate 
of soda; some are slightly sulphur-bearing. 

Springs.—There are many springs in King William County, but few 
that are of especial note and none of commercial importance. 

Wells.—Dug wells are the main source of supply over most of the 
county; but. except Southampton County, there is no county in Tidewater 
Virginia having more drilled wells, as a large number have been sunk in 
the city of West Point. The drilled wells are nearly all of small diameter 
and the great majority draw on Calvert beds. The flows of properly drilled 
and cased wells are generally free, but the waters do not rise more than 
about 35 feet above tide level, hence there are not many wells on the 30 to 
50 foot terrace along Pamunkey River above Elsing Green. 


LOCAL SUPPLIES. 


Aylett, on Mattaponi River, noted in colonial times for its export ship- 
ments of corn, has only three dug wells, which are from 20 to 65 
feet deep; two sunk: over 60 feet obtained scanty supplies of hard water. 
Several families use the water from a spring just below the terrace on 
which the village stands. 

Two artesian wells on the terrace, 25 feet above the river, get clear, soft 
water in basal Pamunkey beds at 160 feet below mean high tide. One of 
these wells, owned by J. C. Fox, was put down at a total cost of but $40. 
The small flow, one-third of a gallon per minute, is due to the elevation, 
and possibly also to there being only 20 feet of 2-inch casing in the well, but 
the flow suffices for domestic purposes and for 20 head of stock, the over- 
flow from a tank at the well being piped to the barn. ‘This well is said to 
have gone through 20 feet of Columbia loam and sand, some 60 feet of 
“fullers earth” or fine dark clay, and then through beds of shell marl and 
rock, five or six “rocks” in all, before finding water in a gray sand. No 
flows were found above the one used, and the head of this is about 35 feet 
above mean high tide in the Mattaponi. A complete analysis of a sample 
of water from this well appears in table 8. 

The other well, owned by Dr. J. B. Moore, also has only 20 feet of cas- 
ing, but a 34-inch pipe goes to the bottom of the water-bearing sand at 
190 feet. ) 

West Point is situated on low land, mostly not over 15 feet high. Along 
the rivers were formerly open marshes. Owing to the low elevation, a water 
table near the surface, and a sandy soil, the dug wells or driven pumps 
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which were once the chief source of supply, were particularly hable to pollu- 
tion, and the city once had a reputation for malaria and typhoid fever. 
Since the introduction of artesian water there has been a great improve- 
ment in public health, and local physicians claim that cases of typhoid 
fever originating in the city are practically unknown. ‘The total number 
of drilled wells may be 300. They range in depths from 110 to 360 feet. 
but all draw on one or more of three water beds; the first at 110 to 120 
feet, the second from 160 to 170 feet, and the third from 320 to 340 feet. 
The first, low in the Chesapeake, yields scant supplies of water having a 
decided sulphur odor and is now little used. The second, in basal Chesa- 
peake beds, yields water that has a very slight sulphur odor, and to it the 
great majority of the wells in the city have been drilled. The third, in the 
Pamunkey, yields water much like that from the second, but it has been 
tapped by comparatively few wells. The two upper horizons once had 
strong heads, 15 to 25 feet, but the drilling of many poorly cased wells, and 
the constant flow from wells near the shore but a few feet above tide, have 
ereatly lowered the heads in both sands, so that wells to the 120-foot sands 
will not flow at more than 4 or 5 feet above tide, and those to the 165-foot 
at not over 10 feet. This loss of head through interference has been dis- 
cussed on page 71. Wells driven to the third flow are put down with 
care, and are usually cased to the bottom. The head of this flow is about 
30 feet above tide. 

All the West Point wells feel the rise and fall of the tide, and many 
flow at high water and do not at low water. The largest well at West Point 
was put down for the Southern Railway. ‘The record was destroyed by a 
fire, and detailed records of the many small wells have not been kept. 

The following generalized section was given by one of the most careful 
drillers in the city: 

Generalized section at West Povnt. 
(Authority, J. V. Bray, driller.) 

















: Thickness | Depth 
Material (Feet) (Feet) 
Loam ‘or marsh mud .;.. 9.5/.< cage a ne ees Si ee tee 10 10 
Pullers} earth ioe ic pis ong see ee hi a ae en ec eee 100 110 
White ‘sand and shell: water an shellg.20. se eee eee 11 12] 
Shells, no * sama cyte eee «ate! ake AA leew.) ad a eo 5 126 
White: sand <f.66 tas ee ee ee ae ae ae ee ee 20 146 
Grebnsand asi Bask asl Bo ep all oak Se es 6 152 
Shells, secontl dw at: 160) fectie. 7) tite. atte eee a 8 160 
Thin: bed: of reddash clay so fie5 wai eaten ea Se eee ] 161 
Black sand and gravel, third flow in gravel at 320 feet...... 160 321 


Another record of a well drilled near the post-office is as follows: 
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Record of well of Wm. Wheeler, West Point. 
(Authority, J. Frank Smith, driller.) 
Thickness | Depth 








Material (Feet) (Feet) 
PeeP ae aE NG RE Sin a AS, <4 a, Bo ee ame, MS A iy teak ks 4 8 90 90 
Fine white sand, small stream of sulphur water at 112 feet... 35 125 
SPU air Cin ee AE ee ket ie stock) Gk Ga ORAL aati dames a8 aa Se ew 15 140 
phellsswator congawatereat. LO feed ill oe batts soho eB als ads’. 40) 180 
Black sand with “beautiful gravel’ at 316 to 320 feet....... 140 320 


tC ee GED BETO OG OUT ae le Ol, «a ch epomeetneana ean en Ako wheal 80 | 400 


Artesian water is used at West Point for all domestic purposes and for 
boiler supply. The large number of wells drilled and their low cost, drillers 
asking but $50 for a 2-inch well to the second flow, delayed the installation 
of a public waterworks system. The present system, described on page 78, 
distributes water from wells tapping the 325-foot flow. The bacterial 
purity of this water is beyond question, and the quantity obtainable with 
ordinary care in development should be sufficient for years to come. Field 
assays of the water from several wells in West Point, and a complete 
analysis of water from the 165-foot flow, taken from a well at Beech Park, 
the property of the Southern Railroad Co., are given in tables 8 and 9. The 
water is notable for the percentage of sulphates. 

The water from both the 165-foot and 325-foot wells has a tendency to 
foam in a boiler, and works best in horizontal boilers. It is, nevertheless, 
used in vertical marine boilers by tugs and other river craft. With a 
horizontal boiler it is the custom to blow off some water every few days 
to prevent the water from becoming too concentrated. The artesian water 
is much used at the large oyster houses for washing oysters. For this pur- 
pose it is most admirably. suited, its bacterial purity making it especially 
desirable for washing shucked oysters. 

In or near Lester Manor about 10 drilled wells find flows in fine to 
coarse Pamunkey sands that contain much dark green glauconite, and many 
shell fragments, a greensand marl. The following generalized record was 
furnished from memory : 


Record of well of John G. Robins, 3 miles west of Lester Manor. 
(Authority, H. E. Shrimp, driller.) 


; 'Thickness | Depth 
; 
Material | (Feet) (Feet) 


He OS AOE oe |b Oh OE ce ee RO | 60 60 
Re LMU Se ey US eg Ee gd rg in Bp haw an | 50 110 
Peter Cay Gli ere er ae et rane. Seo Ce canoe y eel 90 200 
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The water bed at this well is a medium quartz sand containing much 
glauconite. ' 

On Pamunkey River above Lester Manor, wells have been driven at 
Elsing Green, near Palls, and southeast of Manquin. The driller gave from 
memory the following record of one of the wells at Elsing Green: 


Record of well of Roger Gregory, at Elsing Green. 
(Authority, H. E. Shrimp, driller.) 


Thickness | Depth 





Material (Feet) (Feet) 

Loam and pravel> surface, Water ao... + tas sen oe ee eee 10 | 10 

Bluigh/ sandy clay o.75 sks chairs ots eae Mle eg ere 50 60 

Roek, full: of: fossil shells; ¢yte.0 1 bie. he nt eee ee 30 | 90 
Bluish slightly sandy clay, lighter than clay above, water at | 

bottom, .io 55-4. . Wiehe Ce ne dew wie iene ge nearer as 180 270 

Soft greenish rock, sandy in places, no shells in it........... 30 | 300 


A sample from a reported depth of 300 feet was a coarse quartz sand 
containing much glauconite. 

The wells southeast of Manquin may draw on the Potomac flows; one of 
these, owned by C. B. Chapman, 6 inches in diameter and 237 feet deep, 
yields 64% gallons per minute of soft water that is piped to half a dozen 
places about the farm buildings, and is used in steam boilers (for analysis 
see table 10). The following record was furnished from memory by 
Edward Williams: 


Record of well of C. B. Chapman, 1 mile south of Manquin. 


Thickness | Depth 


Material (Feet) (Feet) 
Loam, clay and”sand) ..U ia. a: 5 tet cen er eee eee 10 | 10 
Marl ‘and’ greensand ;with shells ic 3oc cows evans ce oe eee Wate; | 185 
Stiff: blue clay’ 70. Se ek ea ee ee eee eee eee ee | 40 225 
White sand with water; .. 9458 2s sti. oe be eta aie ees seine 12 | 237 
The water sand is medium coarse and contains flakes of mica. 








Several flowing wells have been drilled at Cohoke to the Pamunkey 
horizon tapped at Lester Manor. The driller gave the following record 
of one: 

Record of well of J. N. O. Johnson, near Cohoke. 
(Authority, H. E. Shimp, driller.) 


: Thickness | Depth 

Material (Feet ) (Feet ) 

Clay.and.dand -hoap Rae aud tans anole ee ohn aaa 100 100 
Shell “rodkk> 55 200 ase Re ae eee en ne ae ke ee ee ee ' 52 152 
Hard + roele ss; Sc ee oe ee SO oie. er eon eae 88 240 
Quicksand, water ac (Rawr sda g perigee kes ane ee 240 
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The water bed is a medium coarse quartz sand containing much dark 
green glauconite, and many fragments of shells. 

On Mattaponi River opposite Walkerton are wells which draw on 
horizons tapped at Walkerton, mentioned in the description of King and 
Queen County. 

An attempt was made about 20 years ago to obtain artesian water at 
King William Courthouse. <A well some 350 feet deep found water, but, 
since the courthouse stands on the Sunderland terrace at an elevation of 
135 feet above tide water, no flow was obtained and the well was abandoned. 
It is stated that the water rose to within 17 or 18 feet of the surface, but 
since the heads of the flows at Walkerton, a few miles away, are under 40 
feet, this seems altogether unlikely. 

At some of the villages in King William County which depend on dug 
wells conditions are summarized as follows: 


Details of dug wells in King William County. 





| Depth of | 
Locality wells | Water bed | a y a 

(Feet) | eee porns 
CECT Le RM” FT eg ae ne oe CET RaPror ar hot er | Hard 
fe Vg G ee at eae yrarant gage enc ee rr 20-40 Sand and gravel Fair 
PTC OMEPA ane Were, re teoree ch aay lode. (pga Le a ey ee ee GA 
Me ion AU op 2 open rn egg. ae 15-25 (Clay and sand Soft 
DUPRE CHV re eer Mtn Ce c's e!e aw vre's 20-40 Be ues ee al ye «added cee a ak ae 
(CEIS CREO. th a RE OR? 20-45 Sand | Soft 
Ee LEN OVEME Wty occur Pan Wee dala Gate AAG ai is 0. a's! S24 15-80 (Clay and sand Soft to hard 





SS SSS 


Conclusions—HEnough wells have been driven to show the entire 
practicability of getting flows of soft alkaline water at elevations of less 
than 35 feet over nearly all of the eastern part of King William County. 
Where wells have been closely driven and have been allowed to flow without 
restraint, as at West Point, resulting in general loss of head, more abundant 
flows under higher head of as good water can be had by going deeper. | 

On high ground, as at King William Courthouse, flows are impossible, 
but the artesian water can readily be obtained by the use of deep well 
pumps. At King William a well 450 feet deep will reach the sand supply- 
ing the Walkerton wells, but the water from these will not rise to 50 feet 
of surface. | 

LANCASTER COUNTY. 


General description.—Lancaster County, formed in 1651, lies on the 
north side of Rappahannock River near its mouth, occupying the southern 
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part of the end of the peninsula between Rappahannock and Potomac rivers. 
The principal settlements are Irvington and Weems. 

The topography, though the greater elevations are less than in counties 
to the west, shows considerable variety. A high terrace with an undulating 
surface cut by V-shaped creek valleys extends eastward nearly to Wul- 
marnock. Lancaster Courthouse stands on it. The maximum elevation in 
the northwest end of the county is 90 feet. Lower terraces are traceable 
along Rappahannock River and face Chesapeake Bay. ‘The drainage is 
mostly to the Rappahannock, the county line on the northeast following the 
Potomac-Rappahannock divide. Along the bay coast are many tidal inlets 
and the shoreline is extremely irregular. 


Geology.—Though the sandy loams of the Columbia (Pleistocene) for- 
mations cover most of the surface, shell beds and sands belonging to the St. 
Mary’s formation of the Chesapeake (Miocene) group are exposed in head- 
lands along Rappahannock River and in creek gullies. 

The bottom of the Chesapeake lies 360 feet below tide level at the Rich- 
mond County line and nearly 600 feet below at Windmill Point. So far as 
can be determined from well records the underlying Pamunkey (Hocene) 
group is about 100 feet thick, its base lying 480 feet to 700 feet below tide. 
At Windmill Point the top of the Potomac group (Lower Cretaceous) is 
fully 800 feet below sea level, and crystalline bed rock over 1,000 feet 


deeper. 
UNDERGROUND WATERS. 


Distribution and quality.—The Columbia sands and the top beds of the 
Chesapeake contain much ground water; the quality differs from place to 
place, here soft, there hard or irony. On low tracts near tidal inlets the 
ground water is at times brackish. 

Artesian waters underlie all the county. ‘The water bed most widely 
developed is a coarse sand in the Calvert formation, lying about 240 feet 
helow tide at Whealton and 320 feet below at Irvington. The water is 
alkaline, soft, and sulphur-bearing. This sand either thins out or becomes 
too clayey to transmit water a few miles east of Irvington, and attempts to 
get water from it have had little success. Flows have been obtained from 
Pamunkey sands that he 500 to 700 feet below sea level, and from Upper 
Cretaceous deposits. The Pamunkey sands, like the Chesapeake, are less 
freely water-bearing toward the east end of the county. 

Springs.—Below the scarp of the high terrace are springs of the usual 
Coastal Plain type, few of which are of especial importance. 
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Wells—Open dug wells, driven wells, and drilled wells are in use. ‘The 
driven wells are mostly in the eastern end of the county, the drilled wells 
along inlets from Rappahannock River and Chesapeake Bay. Depths of 
dug wells vary from 8 to 50 feet, of driven wells from 10 to 20 feet, and of 
drilled wells from 100 to over 500 feet. Dug wells in lowlands in the east 
end of the county are sometimes salted by high tides. 


LOCAL SUPPLIES. 


At and near Whealton artesian wells, drawing on the Calvert sands at 
240 feet below river level, supply drinking water for 200 people, and are 
claimed to have effected a marked improvement in the general health. The 
water is used not only for domestic purposes but also at a tomato canning 
plant and an oyster packing house. ‘The wells are 114 or 2 inches in 
diameter. ‘The flow from one well is fed to a ram with 414-foot fall; the 
ram elevates enough water 40 feet to keep full a tank in a dwelling house. 

The following generalized record is reported: 


Record of well of Lewis-Lankford-Tull Co., Whealton. 





Thickness | Depth 


Material | (Feet ) (Feet) 
a 
MAR GSe Rois tate owe aie es sk Fen eee 2s i hg a a ar | 22 | 22 
Ser Pare eee PUR BUEN | foie, py ws ooo wy Bas inike RS Io) ay RBS | 192 214 
Rocks and sand, rocks one-half to two inches thick; water at 

PROP METCE Ce ERTIES | HOT OER. lean, ny SRI Rete ES p Ble we eee 4 | 42 fiw) 206 


This well has 214 feet of 11-inch casing; the flow is given as 16 gallons 
per minute at 8 feet above the river. 
O. D. Hale, who has drilled many wells along Rappahannock River, 
reports the following generalized section : 


Generalized section at Whealton. 
(Authority, O. D. Hale, driller.) 

















: | Thickness | Depth 

Material Draken. | (Feet) 

RN we Md AAV thes FA teat 6 hh edd ow sot pe gaye og he | ete es | 65 65 
PLOWS ORE Cire SMILE SONA pct 0e's Syd apt abe Sark a oork |. + ls SSeee OR 79 135 
Rocks and sand, rocks 1% inch to 6 inches thick.............. | 45 180 
TSE RET ERO GD ye 6) San ERE ee ea 2 re ae ee 93 273 
Thin rock, with varicolored sand below, water............... 273 





Kssentially the same beds are tapped by wells farther down the river 
near Monaskon. 
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Near Bertrand, Millenbeck, Weems, and Irvington, perhaps 30 wells 
from 270 to 580 feet deep, have been drilled for domestic supply and other 
~ purposes. ‘The wells at Bertrand, used for washing oysters and for house- 
hold supply, get water from sands in the Calvert formation about 265 feet 
below river level. The water is soft and slightly sulphur-bearing. At 
Millenbeck and Merry Point the wells reach water of about the same quality 
at 200 to 210 feet. At Weems and Irvington most people get water from 
dug wells 15 to 35 feet deep. The towns are on a terrace with maximum 
elevation of about 30 feet. The wells at Weems go through sandy loams 
and clays and find water, soft, hard, and irony, at 12 to 20 feet, in a thin 
sand bed that overlies a black mud or clay. A mile west of Weems a dug 
well found this black clay 20 feet thick. Near the edge of the terrace at 
Irvington the dug wells, 25 to 35 feet deep, get soft water. About 70 per 
cent of the wells in the town are bricked, 20 per cent cased with tile, and 
10 per cent with wood. The recent wells are nearly all cased with tile. 
There are many driven wells in the vicinity of the town, most of them 
about 20 feet deep. Some wells close to the inlets get brackish water. 

The drilled wells near Irvington and Weems penetrate two important 
water sands, one about 330 feet below sea level in the Chesapeake group 
(Calvert formation), and the other between 200 and 240 feet deeper in the 
Pamunkey group. ‘The wells driven to the first sand are 144 inches in 
diameter and yield small flows, 4% to 21% gallons per minute, of soft, 
alkaline water having a decided sulphur odor; the head is low, possibly 
10 feet. A 93-inch well at a fish factory at Irvington and another at a 
country residence across Carters Creek from Weems get excellent water, 
under a head of about 35 feet above tide, that has no sulphur odor. The 
well at the fish factory is said to have flowed 58 gallons per minute at an 
elevation of about 5 feet when first completed; this flow was cut down to 
about 40 gallons by screening. ‘The water keeps well in vessels and is said 
to work well enough in a horizontal boiler, but primes in a vertical boiler. 
‘The well on the Francis estate had in 1906 a measured flow of about 35 
gallons per minute at 6 feet elevation. It is used for general purposes. 
Field assays of samples from several wells are given in tables 8 and 9. 

The following partial analysis of the water at a 330-foot well at the 
fish factory in Irvington was furnished. 
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Partial analysis of 330-foot well Carters Creek Fish Guano Co., 
Irvington. 


(Analyst unknown) 


Parts per 1,000,000 


Paice carponece, (Cat. eae meme rh aes cee ety ce ee 14.0 
Searor ie BU DELO y (OSC) Ye Gener ee ile sa eS Hah, Coy a 1c Oe 4.7 
Magieasmimecarponate: (MoCOu meget <i. cco ite ate site case 34 8.4 
Domine iihigGe (NRG) U0, eeemenn ee tt! CEA, Se 122.0 
PPA BOe Ga CH eae it ce ey eee aireeee car tered She eee oa eis ake 1220 
SORES (OE (aCe ne Re ee Mie 0:75 <a A OO ree oe 41.0 
POR Me MINUET? Sa-% (8 2.5 teary BN ete eae a nae, eR che alin: BECP s /e 4% 68.0 


The prices for drilling at Irvington have varied. Some 144-inch wells 
to the first flow cost $100; the 3-inch wells to the deeper flow cost about 
$2 per foot. 

Along the river below Irvington, at Whitestone and Westland, two 
attempts to get flows resulted in failure, the drillers not having had strong 
enough rigs. Northeast of Irvington on inlets from Chesapeake Bay at 
Chase’s Wharf, Ocran, and near Kilmarnock, are flowing wells that get 
water 400 to 650 feet below tide level in basal Chesapeake and Pamunkey 
or Upper Cretaceous beds. ‘The water is used for various purposes. ‘lhe 
flow near Kilmarnock, when the well was just completed, was given at 140 
gallons per minute through a 3-inch pipe. It supplies a fish factory. 

A 660-foot well at Ocran yields an alkaline water that is used for 
boiler and other purposes at a fish factory. A partial analysis made by the 
Hartford Steam Boiler Insurance Co., and kindly furnished by Lawford 
and McKim, of Baltimore, Md., showed each 1,000,000 parts of the water 
to contain 616 parts of total solids, which included 548 parts of readily 
soluble matter and 56 parts of silica. The soluble constituents were car- 
bonate of soda (large amount), chloride of soda (considerable), and some 
sulphate of soda and carbonate and chloride of potash. 

The following record of a well on Dimer Creek, probably at Chase’s 
Wharf, has been published by Darton. 


aDarton, N. H., Op. cit., p. 176. 
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Record of weil on Dimer Creek. 











Thickness ; Depth 








avert | (Feet) | (Feet) 
Tough blue clay, with 3-inch sand bed at 170 feet.......... i237 237 
Marl with: shells. and ‘pravel oso. <- cuits ean gt ee ee 2 239 
Gravel with good supply of water which rises to within 10 
feet of surfaces Hades aa ie es ie i oe ek Sr ees A 2 241 
Blue Ghy 65 fs 94 dows areas, ee Gee ee “i 248 
Rock, underlain by coarse sand mixed with yellow and green 
clay iif dia'swely ecb ly ke oe he, oe oa gee ea 2% | 250% 
No -reebrdls.. since nea ears eae ole eve ene ae ne an De me a 
Cay 55 5 sles Sate hyde sha fee gerne nl ee en gears ne 2 132 | 385 
Rather coarse. dark, santhrs. cua duis us 5 es ae en 3 | 388 
Blue clay”. os'.c Wao n,. cK ee. Su thee OR a ele) dan ag Ginenen ae 47 | 435 
Sand, fairly coarse, dark buff and white below, 7-gallon flow 
OL WATER | o.oo kag Bie fone, re asin 9k ee: Pol tol a! a ee ee 8 | 443 
Hard, rock» Very. POUpI. porous Frese ape ee 2) | 464 
Coarse sand mixed with clay and mica, 5-gallon flow of water 10% 47414, 
NO © TOCOVG \ ax \s sowie ceghavetee sy diag ct cen 31 rote man emer ae me 1% 476 
Rock, quite Band 4 04a. eye ak Ge veel eet apne eee 3 | 479 
Blue .clay; and ssand'y < uke. 4c sis peal ale is eases Sate ee 28% 507% 





At Lancaster Courthouse, elevation about 75 feet, an attempt to get 
a flow some years ago naturally resulted in failure. Dug wells in the 
vicinity of the Courthouse are 30 to 60 feet deep. The following record 
of the Courthouse well has been published.¢ 


Record of well at Lancaster Courthouse. 














Material Thickness | Depth 

(F cet) (Feet) 

Bright orange sand, moderately coarse .... 2.06. .ses0-+s00% 30 30 

Gray sands, moderately coarse with shell fragments.......... 45 75 

White and yellow sand intermixed, moderately fine......... 40 115 
Gray sand moderately coarse, some glauconite grains, few. 

shells, and :thin ferriginous, Crusis yoo .e eas cee ae | 45 Ly 260 

Greenish-gray fine sands, mud with some mica and many shell) | 

fragmenis,. some) glauconite ion) 0i). des ae ees ee oe | 20 | 180 
Clay, light brownish-gray in color, few sandy streaks, shell 

FFAQMENTS: eo Fw We det eieie een aim ola aw 3. eigenen 70 |} 200 

Clay, light’ preenish-pray ‘in “eolor’ 2.0). Sepsis eee 50 300 


Some data reported regarding the shallow wells at a number of villages 
are summarized thus: 


aDarton, N. H., Op. eit., p.. 176. 
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Details of shallow wells in Lancaster County. 

















| Depth of | ; 
Loeation | el | Water bed Quality of 
(Feet ) Sih sad 
AD Tai ey Oc 5 oe a ey ee errr eS Mw Hae elas RATE tix: le hoy | Soft and hard 
SsMetinan Meee ee ke TTS 8-15 | Sand | Brackish 
Cares LUO Mime ee a eked cid 2 6% atv « Secees Cen rei sere GSM. sola edd ada: be | Soft 
ALLE LTA ON i ee 10-30 | Sand | Poor 
PATS UE te ee Sy ames LP oe ss Raw eee bef Soft and hard 
PON OS! Sa OE es es Lt Geer De LOW,. BANGS j Mad ta pirate Wa a 
‘deep, clay and rock 
PRONO MOU EMIT ON: osha hss a af <0 beh DSO Mpa tc elle Wh oe! _ Shallow, poor; 
| | | deep, good 
HC Catal "cg 8 Aer an ea D-15 | Clay and sand_ | Soft or brackish 
CO ho inches ene a re | 8-18 Shallow, sand; | Good, soft 


| deep, clay | 

Conclusions.—While the mid-Chesapeake sands tapped by the 330-foot 
wells at Irvington can not be depended on for flows or satisfactory yields 
farther east, carefully drilled wells ‘can get plenty of water at greater 
depths even as far east as Windmill Point. There is nothing to show that 
the water will be too highly mineralized for general use. At points above 
Irvington where flows from the first sand have been reduced by drilling 
several wells within a small radius, more water, probably of better quality, 
can be had by going deeper. Pumping will be required to get water at 
Lancaster Courthouse from either the Chesapeake sands, about 400 feet 
below the Courthouse, or the Pamunkey sands 200 feet deeper. 


MATHEWS COUNTY. 


General description—Mathews County ranks next above Alexandria 
County in small area and in density of population. It occupies the 
peninsula between Pianketank River, Chesapeake and Mobjack bays, and 
has an extremely irregular outline. ‘There are many villages but no incor- 
porated towns. 

The surface of Mathews County is monotonously level, nearly all of it 
lying within the Talbot plain. From a maximum elevation of about 30 
feet near the Gloucester County line the surface gradually slopes east and 
south to tide level. Along the eastern shores wide stretches of salt marsh 
fringe the inlets, and the surface slopes so gradually below sea level that 
heavy easterly gales drive the bay water far inland. 


aThe writer believes that most of the surface of Mathews County forms part of 
a terrace that is to be correlated with the Pamlico terrace of North Carolina. 


220 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


Geology.—In the northwest part of the county gray Chesapeake sands 
of the St. Mary’s formation are here and there exposed in the bluffs along 
Pianketank River; elsewhere in the county only Columbia or Recent 
material is visible. Near the west side of the county yellow buff and 
reddish loams, seen in road cuts and ditches, overlie more sandy beds. 
Kastward these bright-colored loams grow thinner and disappear, the sands 
become marly, and along the bay front mud and marl predominate. Near 
Port Haywood and elsewhere, dark, ill-smelling mud containing tree roots 
is found at depths of 15 to 25 feet and deeper, and the thickness of 
Columbia material may be 50 feet. 

The bottom of the Chesapeake lies 500 to 600 feet below the surface, 
and the bottom of the Pamunkey 100 feet deeper. Evidence as to the 
presence of the Upper Cretaceous is lacking, and nothing is known of the 
Potomac. Crystalline bed rock is probably 2,000 feet below the surface. 


UNDERGROUND WATERS. 


EHutent and character—Because of the slight elevation and the nature 
of the beds the abundant shallow waters in the Columbia sands are not 
satisfactory at many points in the county, being high-colored, ill-smelling, 
and even brackish. In the western part of the county near North River 
dug and driven wells go through a foot of soil, 1214 feet of “yellow” clay, 
and 4 feet of red clay, finding water in sand below. On ground 20 feet or 
more high, the water is soft and sweet, while on flats the water is poor. 
Many of the shallow wells on higher ground go dry in times of drought. 
Waters from sands at a depth of 100 feet or so vary in quality and in the 
yield to driven or drilled wells; in places these sands afford plenty of ex- 
cellent water, in places they supply but little, and this is irony or otherwise 
objectionable. 

Artesian waters under heads sufficient to give surface flows underlie 
most of the county, but those so far found are not satisfactory. The Chesa- 
peake and Pamunkey, beds which afford such abundant supplies in counties 
to the west, apparently are too fine-grained under Mathews County to 
transmit water readily; the waters are under lower head and are more 
sulphur-bearing and irony. 

Springs.—Except in the western part of the county there are few 
springs large enough to be used for household supply. At Dixie, on 
Pianketank River, however, several seeps and springs emerge from a bluff 
of loam and sand. ‘Their total volume is problematical, but two flows, one 
about 10 feet above the other, caught by wood basins, supply a saw-mill and 
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a tomato canning factory on the shore below. The water is soft, free from 
iron, and works well in a boiler. Near Hudgins are two springs used for 
domestic supply and for stock. One owned by N. C. Miller is said to be 
used by neighbors when their wells go dry. 

Wells.—There are many driven wells in the county, conditions favoring 
their use. In places, however, the fine sands of the water-bed clog pipes 
and cut the valves of pumps, and dug wells are favored. 


LOCAL SUPPLIES. 


At Mathews most of the water is from dug wells 8 to 12 feet deep, 
which, as the surface elevation is about 6 feet, seldom go dry, though wells 
close to the river get brackish after unusually high tides. Some of these 
wells are lable to pollution by surface drainage. 

Besides the dug and driven wells there are a few cisterns in the village. 
Several attempts to get artesian water at the Courthouse have not resulted 
satisfactorily. The last well found water between 100 and 150 feet, and, 
according to the driller, a stronger flow at 817 feet. The water has a head 
of only 6 feet, and the yield in September, 1906, was 1 gallon per minute 
at an elevation of 4 feet. The water has a decided sulphur odor and is 
little used. ‘The flow is said to have nearly ceased during the summer of 
1905. The low head, the temperature, and the quality of the flow, as shown 
by the field assay in table 11, indicate that much of the water may come 
from the higher sands of the Chesapeake rather than from Potomac strata. 

Near Port Haywood several drilled wells have found at about 100 feet 
water that is considered soft, and is used for household purposes or for 
boiler supply. It comes from sands high in the Chesapeake group. 

Over much of the county, dug wells fill nearly to the top in wet weather. 
Where the water is high in iron, ill-smelling or salty, cisterns are much 
used. On Gwynn’s Island, where about 600 people live, wells average only 
7 to 9 feet deep. 

Particulars regarding dug and driven wells at a number of places are 
thus summarized : 
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Details of dug wells in Mathews County. 
Location ia | Water bed ne te o 

Blakes. Seward 24 Sh Sean Race ee: 8-16 Sand Soft 

Cardinal ie tae dere Meets LER eae tet aie. Sates S—16 Sand Shallow wells, soft, 
brackish; deep 
wells, hard. 

Cobbs, Creek? (75.0 eee ease 8-10 Sand Fair 

Diggs ob Rea ce io ee ee 7-12 Sand Soft 

DiXi6 1 32h iii eudens eerie ae 12-40 Sand and marl Soft 

Grimen bed. 255 nt. elo ook ate uate a, | 7-10 Sand Good 

Hudgings wet e5it. AY eer ak aie |; 6-10 Sand and clay Poor 

Mathews) Wisi cscs g co cet. eee TELE ca veers emer es Shallow, soft; 
deep, brackish. 

New Point sset.% Hid ie Se oa 5-8 an fe hey S..cHes te eae 

Northigowd: Sehr Bae cvath ok eae eee 6-15 Clay and sand Hard, brackish 

PortaHaywood 0... cas lesen ee 7-25 | Mud, shell beds, |Shallow, soft; 

and sand, deep, hard, and 

irony. 

SURAT Ss Nope wate ek ote er oleneaeare 6-12 Clay and sand |Shallow, soft; 
deep, hard. 

Tabertiacle sical eae eke 6-8 Marl Good 

Williams’ Wihart a... eters eee 6-12 ' Shells and sand Fair 


A %0-foot driven well at Port Haywood entered “blue mud and shells” 
at about 20 feet and struck “soft rock” at 40 feet, but found no water 
worth mentioning. A driven well 110 feet deep at Fitchett’s found water 
too salty for use. ‘The pipe was pulled back to 50 feet and water was ob- 
tained that though a little brackish could be used in a boiler. 


Conclusions.—While the Chesapeake beds under eastern Mathews 
County are apparently fine and clayey, small flows of hard or iron-bearing 
water may be had from discontinuous sand beds near the top of the group. 
The prospects of obtaining water of good quality from the Pamunkey beds 
or below at points east of Mathews Courthouse are doubtful; the odds favor 
highly mineralized water containing salt, iron and sulphur. Near the 
Gloucester County line prospects are much better. 


MIDDLESEX COUNTY. 


General description.—Middlesex County, formed from Lancaster in 
1875, hes on the south bank of Rappahannock River, near its mouth, and 
north of Pianketank River. 

The topography is diversified. The Sunderland terrace, elevation 90 
to 120 feet, forms the divide between Rappahannock and Pianketank 
rivers, and is deeply cut by creeks flowing to the Rappahannock. Along 
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this river a bold scarp marks the drop from the Sunderland to the Talbot 
terrace, and at the east the Wicomico terrace terminates in the scarp that 
is traceable across the counties south to the North Carolina line. In 
Middlesex, as in Essex County, to the northwest projecting headlands of 
the highest terrace give magnificent views of Rappahannock River valley. 

Geology.—The Columbia loams, clayey and bright-colored on the high 
terraces, and of subdued tints along the low terraces, mantle the surface. 
No beds older than those of the Chesapeake group (Miocene) outcrop any- 
where in the county. Shell beds and gray sands of the St. Mary’s forma- 
tion are exposed beneath Columbia sands in low bluffs along Rappahannock 
River and in the gorges of the larger creeks. The Chesapeake-Pamunkev 
contact lies at about 300 feet below sea level at the northwest end of the 
county, and about 600 feet below at Stingray Point. The thickness of the 
Pamunkey may be 100 to 150 feet. It is probable that marine Cretaceous 
beds underlie most of the county, but they can not be sharply differentiated 
on the evidence of such well records as are available. ‘There are no records 
of wells sunk to Potomac beds, but it is likely that at Urbanna the top of 
the Potomac group is over 800 feet below sea level. 


UNDERGROUND WATERS. 


Distribution and quality—Both the Columbia formations and the top- 
most beds of the Chesapeake contain ground water. The quality shows the 
usual variations. The artesian waters in the lower Chesapeake and in the 
Pamunkey sands are soft, but as a rule more highly mineralized than in 
Essex County. Hast of Urbanna the Chesapeake and Pamunkey water beds 
become gradually finer, the heads of the flows decrease and the minerali- 
zation of the water increases. A characteristic of the Chesapeake flows 
along Rappahannock River is a decided sulphur odor; this soon disap- 
pears, but makes the water when fresh from the well offensive to some 
persons. The deeper flows seem freer from sulphur. The heads of the 
different flows show local variations, but as far east as Urbanna properly 
driven wells, where there is no interference, yield waters from basal Chesa- 
peake (Calvert) beds that rise 15 feet above mean high tide; the Pamunkey 
flows rise 10 feet higher. 

Springs.—Along the gorges of the creeks that flow into Rappahannock 
River, near the foot of the Sunderland scarp, and in Pianketank River 
valley, there are many springs. Some are of considerable size, flowing 10 
gallons or more per minute. A few are used for household supply. None 
is of commercial importance. 
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At the head of a small run on the old Fauntleroy place near Saluda, 
now owned by J. C. Gray, several springs issue from above dark sandy clay, 
or from marl beds, belonging to the Chesapeake group. Part of the flow 
of the highest spring supphes a ram that forces water to a tank in the 
house, 300 feet distant. . 

Another spring that gushes from a marl bed on a steep slope to Pianke- 
tank River, at the residence of J. E. Blakey, 3 miles southwest of Saluda, 
supplies the house and barn by means of a ram. 


Wells—Dug wells, the chief source of water supply, vary greatly in 
depth. Most of them have no lining except plank near the bottom; a few are 
bricked, and a few cased with tile. In places along the lowest terrace there 
are drilled and driven wells, nearly all of small diameter. Dug wells, 
bricked, have been completed for 40 cents per foot. 


LOCAL SUPPLIES. 


Urbanna in 1906 had no public waterworks, but water from a number 
of artesian wells was given away by the owners to all persons desiring it. 
A well intended to supply water for a distribution system was drilled to a 
depth of 590 feet. The record is of interest as the well is one of the few 
that have been drilled below 500 feet in this part of the Coastal Plain. 


Record of waterworks well, Urbanna. 
(Authority, R. H. Milligan, driller.) 














: P Thickness | Depth 

Material (Feet ) (Feet) 
Clay, sand, and. | eravel, sts ,e5 Sich ne « ener pe een mene 25 | 25 
Mar) iS de abe ieee gle ee en = heen en a | 175 | 200 
Hard; bluish ‘black clay* 7s... 9o.sel) .. oe eae ee eee ee 20 |} 220 
Sand, very light flow of sulphur water, flow not tested....... 18 | 238 
ROCHE sos. ie Scare hab let ccs Su ate a epee ol One ee rr ] j 230 
Marl] | 5a: Disa ee de Oe ORS aa de ee 21 | 260 
Lhin-rocks,: 6. to 8-inches :thick,-in marl. eee | 30 | 290 
White chalky deposit, “neither sand nor clay”............... 2 292 
Marl@.s..i batts aig hE a ee a ee | 108 400 
Blush: Clay cis. o dock ln." erg een ee eae a 45 445 
White sand, very light flow of sulphur-bearing water....... 3 448 
Coarse: gray sand sand» white grayelac.< jee, eee ree 7 455 
Hard sand, ‘no water. a4 econ eee i 10 465 
Blush clay too. eae rae wees Cok ve ears OL A ee teen 27 492 
Sand, water-bearing, flow small but not tested.............. 8 500 
Marl oe iG asta, Second einer Ar ene ae ae ne een are oe 22 522 
Hard red clay, “red ae paints... 1. ee eee ee ee 18 540 
Softer pink and brownish clay which caved easily............ | 7 d47 


White loose sand with thin crusts, sand often in little balls 
easily crushed by fingers, no clay; good flow of water, 
volume not tested ........ PETE EOP tO Nae Sig eT Oe 42 589 





aBones and smal] teeth are reported to have been struck at 400 feet in blue 
marl. 
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This well went through both Miocene and Eocene into Upper Creta- 
ceous beds. The quality of the water from the last flow is said to have been 
excellent. The well, when seen by the writer, was flowing 3 gallons per 
minute from the sand at 492 feet; the bottom flow had been shut off by 
the clay beds caving. 

A well near by passed through the following strata, according to the 
driller: 

Record of well of G. W. Hurley, Urbanna. 
(Authority, R. H. Milligan, driller.) 


Thickness | Depth 








ETAT (Feet) (Feet ) 
Dest N PPE CRom SAAT ORS COEUR ete fk od cs im s+ lasek a i MT OU hoa eek Ge ae AL Bia 25 25 
LEAST 6 NMIED oe keer a ic A YOCs oe r ae oe a 100 125 
Ne er icv hc ced ta peer mys Ge creel oo Ba Al ie nes Woe eda 96 221 
tsi RMU RR Oe, SARE aL sain 3b. di Seton ae RAIA ONRMEAS. ob ork FTA 2 223 
Coarse sand, flow of sulphur water, volume not tested, possibly 
Megallon peri Mine. AU SUTIBCe cis cpels bas yeh oe Ee - 7 230 
Bret CP SCI YE BULLOP Op ee, e's 5 <n nak eh een rete eae a 40 270 
Light marl, containing thin layers of rock........8...2...4.- 15 285 
SESE STEEN BSc et LD ER oe car as ae al CEG SP BP RR SPR 5 290 
Black sand, not water-bearing, and marl.................... 30 320 
prea GUNS AALOMRIET h UNT eM eg feed: ck SX ate uss ln x Sgn eight Sad we eet Eee 132 452 
Band, water-bearing; tow not.tested 25.2... ewes agi det bees 1 453 
Fe ee eee PET TEI a a oi ads. 2 DUA ena RS Hea no Bemis > | iL 454 
Sand containing bits of lignite, water-bearing; flow at 3 feet | 
above high tide 105 gallons per minute through a 3-inch; | 
PEM PAUI VOR MrT Getprice 32 a ete lat Wipe eae adie ss : 22 | 476 


i} 


The water from this well, together with that from several wells tapping 
the sulphur water at 225 feet, is used at an ice plate. It is said to work 
better in a boiler than the water from the 225-foot wells, having less 
tendency to foam. Like practically all the deep artesian waters of the Vir- 
ginia mainland, it contains little volatile organic matter, and hence makes 
excellent ice. 

Other flowing wells at Urbanna are said to range in depth from 227 to 
290 feet, but probably draw on sands 220 to 235 feet below high tide level. 
One of the shallowest, that of G. V. Wagenen, was sunk by the owner in 
less than a day, no rock being encountered. The flow at first was 5 gallons 
per minute, but had fallen to about 2 gallons in 1906. The water is used 
at a canning factory. The well of the Urbanna Manufacturing Co. is worthy 
of note as it is used to supply the cottages of employees, the water being 
pumped to an elevated tank. ‘The depth of this well could not be ascer- 
tained, but the water has a decided sulphur odor and probably comes from 
the sand at 220 to 235 feet. Field assays of samples from various wells at 
Urbanna are given in tables 8 and 10. 


16 


226 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


Above Urbanna, along Rappahannock River, artesian wells have been 
drilled at Bayport and several other places. ‘The reported depths of the 
Bayport wells vary from 260 to 300 feet, and the water probably comes 
from Calvert, basal Chesapeake, sands. The water is used for domestic 
purposes and for washing oysters. The following generalized section is 
reported : 

Record of well of Bland Brothers, Bayport. 
(Authority, O. D. Hale, driller.) 


Thickness | Depth 





Material (Feet) (Feet) 

Sand kvitow seek. es ce ee ae 5 pete eee 24 24 

“Pullers earth’ vor’ blue clave... see ee oe 176 200 
Alternating strata of rock and sand, rock Javers from 1% inch 

to. 10 inches. thick, water’ ate 242 feet. 77a 0eee eee es 48 248 


The well has 218 feet of 114-inch casing. ‘The reported flow is 16 
gallons per minute at 7 feet above Rappahannock River. 

A driven well at Sandy Bottom, in the east end of the county, found 
water in deep Columbia beds. ‘The following record is reported: 


Record of 78-foot drwen well of D. A. Taylor, Sandy Bottom. 
(Authority, D. A. Taylor, owner.) 





Thickness | Depth 





Material (Feet ) (Feet) 
NO POCOrd sc ss vita ope Ghar ee bem oe a ere co) ae 30 30 
Old avood ‘and shells, blends, 28. 20. -} Ska ee ee 10 40 
White sand- «stig: oes ce ei fad Orton % 40% 
Blule anid race's sipcakaer hs oy acer s Ee eo ole sn ae 321% 73 
Gravel; principal.awater\jned #2, ass caw tie Oe nee ee 2 7d 
Blue mud) cating 35 ass bie bos ds ae oo Fe he 25 190 


Dug wells in Middlesex County, as previously noted, differ greatly in 
depth and in quality of supplies. Wells on high ground near a terrace 
edge go deep, usually yield soft water, and seldom if ever, go dry; while 
wells away from the terrace edge are shallower and more liable to go dry. 
Many wells go through the Columbia sands and get hard water from the 
Chesapeake shell beds. Conditions reported from various. places in the 
country are briefly summarized thus: 
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NANSEMOND COUNTY. 


Details of dug wells in Middlesex County. 





: Depth Quality of 
Location (Pee t) Water bed “apa 
BOLT IE en in a5 oe at aa 40-60 Sand and clay Good 
Ire a VIG Wales fe cio finle reas 20-50 Sand Fair to good 
EPO WaNET 2W Oe tate oS). oe oles. 15-45 Sand and marl Hard or irony 
Da eS AUG Breet none Os Me ox: 5 oy che So VR re Bin eetcels Seah 2 Fair 
POR rete rene te od eg cee F'n Saige > 10-16 Sand Hard 
BT I atk cae he re ta: et inl en a a 16-35 Sand Soft to hard 
LVR SS Abbas fe pg ai aa i oe 10-35 Clay Shallow, poor; 
deep, good. 
SE YY ND) ie a eae 40-55 |Marl and red clay| Hard and soft 
SUrontewere ne eee sc Seas eee kes 22-60 Sand Soft 
SITE Race es | ee 18-30 Marl Hard, brackish 
SMW at Lae, ee buy a A Sg ee 8-32 | Red clay Shallow, poor; 
| deep, good. 
WV ALAEMIOW “Eatet keer. Soul: < Ted. 15-60 (Shallow, sand;|_ Fair to good 
| deep, rocks. 
aig BS itaaek ce oomtie: ae i es le ae 15-60 : Shallow, sand, Fair to good 


deep, rocks. 


Conclustons.—Over most of Middlesex County dug wells will remain 
the chief source of supply because of the cost of developing the artesian 
sands. Plenty of soft alkaline water can be had from the latter, and if the 
higher sands at any point yield insufficient flows better yields can be had 
by going deeper. From none of the sands are heads of more than 35 feet 
above tide to be expected. Hence wells of sufficient diameter to permit the 
use of deep well pumps will be required to supply villages on high ground. 
At Saluda, elevation about 75 feet, flows are impossible; the water will 
rise to about 40 feet of surface. 


NANSEMOND COUNTY. 


General description—Nansemond County les south of James River 
near its mouth, and extends from the river to the North Carolina line. The 
surface of the county is rather even, except for the abrupt descents to 
creeks and inlets in the northern part of the county, and for the scarp that 
separates the low ground, in which lies the Dismal Swamp, from the higher 
ground to the west. ‘The principal stream is Nansemond River, a branch 
of James River. Jones Creek also flows into the James. Most of the 
southern part of the county drains to Blackwater River, while the south- 
eastern is included within the Dismal Swamp. Much of the surface is part 
of the Wicomico plain, at elevations between 60 and 90 feet. The abrupt 
scarp separating the Wicomico from a lower terrace extends from the North 
Carolina line northward past Suffolk and Chuckatuck. Lake Drummond, 
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part of which is in Nansemond County, has an elevation of 22 feet above 
sea level. 

Geology.—Over nearly the whole county the Columbia sands and loams 
are the only beds that can be seen. North of Suffolk, along the banks of 
Nansemond River and its branches, the underlying dark greenish or bluish 
sandy clays of the Chesapeake, often filled with shells, are exposed in many 
places. 

In the eastern portion of the county thick beds of mud and sand, which 
contain shell marl, have been cut by the canals leading to Lake Drummond. 
These beds, as shown by their fossils, are of Pleistocene age, and are in- 
cluded in the Columbia group. 

Other formations, belonging to the Pamunkey, Upper Cretaceous, and 
Potomac groups, underlie the Chesapeake but are known only from the 
records of deep wells. ‘The base of the Chesapeake is 350 to 500 feet below 
surface, and the base of the Pamunkey lies 450 to 600 feet deep. 


UNDERGROUND WATERS. 


Kxutent and distribution The water table throughout most of the 
southern and eastern parts of the county lies very near surface, and in wet 
weather many wells are full to overflowing. The supplies are generally soft, 
but because of the lability of pollution are not highly valued. In the 
northern and western parts of the county where the land hes higher, many 
wells near the edges of terraces are 30 feet deep or more. ‘The supplies 
obtained are generally soft. Artesian waters underlie the whole county 
and attempts to get flows have been made at a number of places, but the 
only artesian wells in use in 1906 were at Suffolk and Everets. At the 
former place water is obtained from sandy beds high in the Upper Creta- 
ceous; at the latter place from beds of sand and gravel near the top of the 
Chesapeake. ‘Che Upper Cretaceous water is soft and alkaline, the Chesa- 
peake is less mineralized. Artesian water has been reported found near 
Chuckatuck, but no particulars as to quality are available. 

Springs.—Springs are not especially abundant in Nansemond County, 
although there are some along the branches of James and Blackwater rivers. 
None of commercial importance has been reported. A spring of good flow, 
known as the Buckhorn, one-half mile north of Windsor, yields iron-bear- 
ing water. 

Wells—Though there are a considerable number of driven wells in the 
county, dug wells are far more plentiful. There were in 1906 not over 15 
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drilled wells in use. The dug wells are usually lined with wood, and, on 
wide, flat stretches where water is close to surface and surface drainage is 
defective, are not ideal sources of supply. The driven wells and nearly all 
the drilled wells are of small diameter. ‘They are much preferable to the 
dug wells, and when conditions are favorable, that is, where the water lies 
in soft sand close to surface, driven wells with pitcher pumps attached 
cost but $5 or $6. The cost of drilled wells depends on their depth and 
diameter; 2-inch wells near Everets were sunk under contract for $1 per 
foot to depths of 50 feet or more. 


LOCAL SUPPLIES. 


Suffolk is supplied with water from Lake Kilby, which in 1906 was 
distributed by the Portsmouth, Berkeley and Suffolk Water Co. A sum- 
mary of the supply system is given on page 77. 

Various manufacturing concerns use or have used water from dug 
wells. ‘This is hard and of indifferent quality for boiler supply as it forms 
scale, and the use of a softening plant or of boiler compounds is necessary. 
Up to the time of the field work for this report attempts to get artesian 
water at Suffolk had, with one exception, been failures. This was not 
because artesian water can not be had but because the wells did not go 
deep enough. There is a great thickness, probably not less than 300 feet, 
of Chesapeake sandy clay underlying Suffolk, in which there seem to be no 
beds that yield water freely. The successful well, that of the Norfolk & 
Portsmouth Traction Co., is reported to be 803 feet deep. Possibly it 
might have obtained water enough at a higher level, but the drillers were 
seeking a flow (an impossible undertaking as the elevation of the well is 
63 feet), and continued drilling. he yield is small and the well has given 
more or less trouble ever since its completion. Apparently the water- 
bearing sand is fine. The water rises to 33 feet of surface and a deep well 
pump obtains 11 gallons per minute. The water is said to work well in a 
boiler if not allowed to become too concentrated, and to be good for ice- 
making. 
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The following analysis shows its softness, low lime content, and 
alkalinity; the chief substance in solution undoubtedly is bicarbonate of 
soda. | 
Analysis of water from deep well of Norfolk & Portsmouth Traction Co., 

Suffolk. 


(First Scientific Station for the Art of Brewing, analyst.) 


Parts per 1,000,000 


Total » residvie: ie 5.2455 wie eke ba a ce ee a ee 596.0 
Loss by -calomation 5 o%.20ae ss © See a: ee eee en cee 20.0 
Residue saftersealcination.er (acs  chanie ci e ee 576.0 
Tron C6} cas ad bin oan seme Recta hire Samat EEE cee te aa large traces 
Time (CaO tae eee oo ok a co oe ee ee ee ee 4.0 
Magnesia (MgO) 38s Si SEY, We ort ce 8 ee re 2.9 
Carbonate:.of, Sida ici Naw Os) fF toute fi he. cape de ce Sa ee 493.0 
Chioriner (1 yo os eG eRe vet ce Gente ne ee al e  e 23.0 
Nitrate “radicle. (NO g)) “hc. sete Aine Cee eee ae 0.0 
Nitrite adiolas INO che. Bsissih sieve 2 lancet Oe aie eee 0 
Free amittonia’ see ev rks ct bs nee ote oe a eee eee 0.0 
Albumenoid. “amimonia 0) 5 230 i). ae Ce ee ee ee ee 0.0 
Oxypen required onw.in tie’ Aan sere aes eae ete oe 0.02 
Total hardness . 4-033. Gh Sos ee he oe en ee en eee eee 128.0 


Deep wells north of Suffolk—A group of artesian wells has been sunk 
near Everets, on Everets Creek. Some are just at the foot of the Wicomico 
scarp and their heads, as they are of shallow depth, little over 50 feet, are 
due to the level of the water in the Wicomico plain to the west. In 1906, 
there were about 8 of these wells, the deepest being down 110 feet. ‘The 
heads range from 4 to 10 feet above the creek, which is tidal. ‘The follow- 
ing record of one of the wells shows the general character of the beds over- 
lying the water-bearing sand: | 


Record of well of T. J. Saunders, Everets. 


(Authority, T. J. Saunders, owner.) 


Thickness | Depth 





Materia) (Feet) ' | (Feet) 
Glayey . soil (om (QT ote cate ae ene we 8 8 
Blue marl, “with few saliellat. 2. sons sae se ee eee | 16 24 
Black sand, “with hardwayers: ors “rocks? 22.5 2a wea a 2 26 
Blue* sand, lighter*colored au “base soa... 5 ee ee ee 28 54 
White sanid 2.9. Sete etek eae ede eee Te 30 | 84 


Efforts to find the same flow farther southeast have not been success- 
ful; the water-bearing sand probably thins out or becomes clayey, though 
as the sand dips to the east it is barely possible that the wells did not go 
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deep enough. At Reids Ferry, on Everets Creek, 5 miles southeast of 
Everets, a 150-foot well sunk for the Nansemond River Brick and Tile Co. 
did not find water, nor did a well 188 feet deep, a mile east of Chuckatuck, 
which when the driller stopped work was in black and white sand. A 
later and deeper well east of Chuckatuck is reported to have found a flow. 
The general character of the flows at Everets is shown by the field assay in 
table 7b. 

Shallow well conditions near various villages in the county are sum- 
marized in the following table, most of the data being obtained from post- 
masters. . 

Details of dug wells in Nansemond County. 








Depth of 
Location well Water bed Quality of water 
(Feet) 
EPS ete fie ede 2 a ae 16-90 |Shallow, sand;|Shallow, soft; 
deep, clay. deep, hard. 
Pia CEST eR A eae ee 10-25 | Sand Soft 
FIOUBOU Mtr eein eee sa 8 deny no an 16 | Blue mud | Soft 
Hotland yey Weyed cect Us bebe a's 10-34 | Sand Soft 
RN ee ATOMS TUT eo eg ce ih es an = | 8-80 |Shallow, sand;\Shallow, poor; 
deep, blue marl, deep, good. 
and “black dirt.” 
Nei PA Meee ies ce, atiiat, fe kk ee | 6-10 |Shallow, sand;;|Shallow, poor; 
| deep, clay. deep, good. 


Conclustons.—There is undoubtedly plenty of artesian water under 
Nansemond County, but conditions are not so favorable for free flows of 
good water as in counties to the west. ‘The upper Chesapeake sands are 
patchy and their limits can be determined only by drilling. ‘The sands 
lower in the Chesapeake, and those in the Pamunkey, are uncertain water- 
bearers, but may yield flows with heads of 30 feet above tide through wells 
carefully drilled and screened. ‘The quality of all the artesian waters 
deteriorates toward the east and near James River, and in the northeast 
corner of the county the deep flows may be too mineralized for domestic 
or industrial purposes. 


NEW KENT COUNTY. 


General description—New Kent County, formed in 1654 from York 
County, lies between Chickahominy and Pamunkey rivers. 

The topography is much like that of Charles City County. ‘The highest 
of the terraces, the Sunderland, has an undulating surface sharply cut by 
stream valleys. Its greatest elevation is 140 feet. ‘The Wicomico plain is 
developed along Pamunkey River, as is the lower Talbot, the latter com- 


232 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


prising much of the land embraced in the wide meanders of the river. 
Both Chickahominy and Pamunkey rivers have few tributaries rising in 
the county; the largest of these, Diascond Creek, empties into the Chicka- 
hominy and forms part of the eastern boundary of the county. The divide 
between Chickahominy and Pamunkey waters crosses the northern part of 
the county, New Kent Courthouse being on it. 

Geology.—Columbia loams mantle the surface. On neither Chicka- 
hominy nor Pamunkey rivers are Pamunkey (Eocene) beds exposed, the 
highest formation visible below being the St. Mary’s formation of the 
Chesapeake (Miocene) group. Its dark, greenish sandy clays are exposed 
along stream gullies and in bluffs on the south side of Pamunkey and York 
rivers. ‘The base of the Calvert formation of the Chesapeake group lies 
above tide level along the western boundary of the county and 180 feet 
below at Plumpoint. The base of the Pamunkey les possibly 200 feet 
below tide water in the western side of the county, and 350 feet below in 
the east. Whether Upper Cretaceous (Matawan) beds extend as far west 
as the eastern side of the county is doubtful. Unquestionably, there is a 
considerable thickness, possibly over 600 feet of Potomac (Lower Creta- 
ceous) beds above bed rock. 


UNDERGROUND WATERS. 


Distribution and quality—New Kent County is well watered. Nu- 
merous rills and creeks are fed by springs. ‘he ground water in the sands 
of the Columbia formations is generally abundant and soft. ‘The artesian 
sands in the Pamunkey group carry plenty of soft water that gives flows 
up to 26 feet above tide. The Calvert sands at the base of the Chesapeake 
yield light flows in the eastern part of the county, and, if reports are to be 
trusted, in the Chickahominy valley as far west as Roxbury. Little is 
known of the Potomac waters, but they are undoubtedly abundant and gen- 
erally good. 

Springs.—There are many springs in the county, some of which have 
attracted notice by reason of their size or the quality of their waters. A 
few are used for domestic supply and one or two are thought to have 
medicinal value. A spring, or shallow well, 3 miles north of Talleysville, 
flows about 1 gallon per minute of water that has been sold as Belmont 
Lithia water. The water comes from marl, and the chief substance in solu- 
tion is bicarbonate of lime. ‘The appended analysis, furnished by the 
proprietor, R. E. Richardson of Talleysville, has been recalculated to parts 
per, 1,000,000. 
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Analysis of Belmont Lithia water. 
(W. H. Taylor, analyst.) 








Parts per 1,000,000 


ay eRe IL Ee ees ce hn ere, Peete see ee ey ee ay yaa WO 
Poiitiemen Toone cen (abit COs ieee et deh ois hy Leila awl Iau. 
ie prowanmearponure , (Haris VUE Val mae fe ¥en eis, hehe ges 15s, 
Maguesrometicarponate: .(MoHs(OO yay feo. ys ah ees ao Beles Jaki: 
Miangenese bicarbonate, (Mni. (CO as coon. ai acl oti me bax 0.5 
Siren ate reir DOTIELUE © (INL ELCA De ViMRy yee sah ys gce wale, sa Sm vias or 15. 
[eee Per auay post ON evap (EAP oem ip Rie RELOUES fee ae hy lo dg a a Oval 
Beem tec IN A) O, See eee eee, Pontes aoe oak 
Beoteast Um lOT HIG. AS. OL) eo rccutey tee et wc ee eet ahi abe Eh Se ¢ o simite tals 12 
Primers CilOrigg. | i ictal ln «Ce ee ee ce aa cs a eee trace 
nf PSS TTC TMG Wt Jee Gel Oe pa er ee ae ee a 6.3 
SSeICT MEISEL CaN Casal en ear ae ec Nar ee rule ees 0.6 
eclewmmiminatown Gal NO FN)! Oo te leg aid 5 er tle. peed eles trace 
PRE PEL Agen Ca Oe onic 3) dee i te ee Bee ag as eh Sn 0.1 


att LC i. ke akc hk oer ena REM areas os ph ORs 
Sulphuretted hydrogen (H.S) 0.88 cubic inches per imperial gallon. 


Wells——Dug wells, usually cased with wood, are practically the sole 
source of water supply on the higher terraces. On the lower terraces are 
some driven wells. ‘The drilled wells are practically confined to the low 
ground along Pamunkey and Chickahominy rivers. Nearly all are of small 
diameter; the depths reported range from 150 to 260 feet. 


LOCAL SUPPLIES. 


More wells have been driven at Plumpoint than at any other place in 
the county. ‘They all draw on the Calvert, basal Chesapeake, sands reached 
by the 165-foot wells at West Point, and yield water of the same quality. 
Heads are about 20 feet above mean high tide. Above Plumpoint at 
Whitehouse possibly 10 wells have been driven, all of which draw on the 
same beds, basal Pamunkey, as the wells at Lester Manor in King William 
County. The heads range up to 35 feet above mean high tide. The flows, 
where proper care has been taken in casing, equal the average of Pamunkey 
wells of equal diameter, being about 5 gallons per minute. 

The following generalized record of a well at Whitehouse was pub- 
lished by Darton :@ 


aDarton,, N. H., Op. cit.; p. 174. 
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Record of well at Whitehouse. 
(Authority, P. H. Sweet, driller.) 


‘ Thickness Depth 

Material (Feet ) (Reet) 
Soil. gais.cn Soe os bb SR Ae ae a ee ee 15 15 
Yellow clay” .<\.uu5--55 oo eet ene se le, ae eee een eee 10 25 
Blue fullers: earth £.:.26064.0- G5 fee eee eee 40 65 
Several thin rock strata, one 18 inches thick.............. 5 70 
Soft sand ‘Tock 4.) ¢\s:seo weg yet haiake “ae ot as oe ee te 25 95 
Red: clays. 0h Sg sp ERS Re cent ate ato tee mR ee a 20 115 
Greensand marl \(-}) o¢%o5,0h85.. 4 See ee ee eee 50 165 
Black’ sand: water at.210 teet. 7. = 2. 4.4). ee ee ee 45 210 








Along Chickahominy River wells have been sunk at Providence Forge 
and near Windsor Shades (Boulevard P. O.). No records were kept of 
any of these wells, but all obtain water from practically the same horizon 
in the Pamunkey. At Providence Forge several wells have been drilled ; 
one owned by Col. E. B. Townsend is 216 feet deep, and flows 10 gallons 
per minute at an elevation of 20 feet above sea level. A field assay of the 
water is given in table 9. Another well, that of R. E. Richardson, is 215 
feet deep; it flowed at first but later had to be pumped. ‘The loss of flow 
is explained by insufficient casing. 

The well at Boulevard is probably the finest in the county. It is 260 
feet deep, 41%4 inches in diameter, and flows 52 gallons per minute at an 
elevation of 22 feet above mean high tide. This large flow is probably due 
not so much to the diameter of the well as to the character of the water 
bed, which, according to report, was a gravelly sand, whereas at Providence 
Forge the water bed is finer textured. An analysis of the water from the 
well at Boulevard appears in table 9. ‘The water is noteworthy for the small 
proportion of mineral matter it contains. 

Tor the supply of temporary saw-mills dug wells are used. In 1906, 
there were possibly a dozen such mills in the county, obtaining water from 
wells 25 to 50 feet deep. Information regarding dug wells at a number 
of villages is given in the following summary: 


Details of dug wells in New Kent County. 








Depth of : 
Location well Water bed ee aL 
(Feet) water 
Barhamvillé secs 24 ee eee 12-30 Loam and marl |Shallow, soft; 
5 e ate slightly 
ard. 
Dash. 2 3. veo ws eee ee 18-60 Iron crusts, sand Hard 
ale Sa ie cai oat te ie ee ee | 20-60 |Shallow, loam; Soft 
deep, clay. 
Plumpoints C.¢ \.h, se eee 10-15 | Sand and gravel Hard 
Providence: Morgé: \. 53-6 oe nese 10-50 |Shallow, loam;|Shallow, fair; 
deep, marl deep, good. 
Puristall once ec + es heer ee 10-20 |Shallow, clay;| Soft and hard 
deep, marl. 








Ow 
Lees) 
wr 


NORFOLK COUNTY. 


Conclustons.—To properly cased wells the Pamunkey sands will furnish 
supples far in excess of present draughts. ‘The Potomac group un- 
doubtedly contains numerous sands that will yield ample flows with heads 
of 30 feet or more, and recourse can be had to them in case the head of the 
Pamunkey waters at any place is lowered by the interference of wells 
drilled too closely or allowed to flow without restraint. 


NORFOLK COUNTY. 


General description.—Norfolk County, formed in 1697 from Lower 
Norfolk, extends from the mouth of James River southward to the North 
Carolina line. In or near Norfolk are many large manufacturing estab- 
lishments and no less than five railroads have terminals on Elizabeth River. 

Almost all the surface of the county forms part of the Talbot terrace, 
which has a maximum elevation of about 25 feet, hence there are wide 
expanses of practically level ground and considerable swamp land. Most of 
the swamp is in the southwestern part of the county, and is part of the great 
Dismal Swamp of Virginia and North Carolina. The surface of this swamp 
slopes slightly to the northeast and southeast from the foot of the Wicomico- 
Talbot scarp which forms its western boundary. Lake Drummond, the 
_ only considerable body of fresh water in the State of Virginia, is near the 
center of this swamp. Its surface is 22 feet above tide level. The principal 
streams, Elizabeth River and North River, are shallow inlets which head in 
marshy creeks; Elizabeth River empties into James River and North River 
into Currituck Sound. 


Geology.—Vhe vari-colored loams of the Talbot formation are exposed 
here and there in shallow road cuts, and except for swamps or marshy 
tracts and strips of dune sand the Talbot loams form the soils. Below lie 
soft blue clays and bluish sands containing here and there beds of marine 
shells of Pleistocene age. The Talbot varies in thickness from 5 feet to 
perhaps 75 feet; it can not, by available well records, be sharply differen- 
tiated from the topmost beds of the Chesapeake group (Miocene). ‘The 
maximum thickness of the Chesapeake group is not less than 600 feet. The 
topmost formation of the Chesapeake contains water-bearing beds which — 
have been found by driven or drilled wells of moderate depth. The lower 
formations of the Chesapeake seem to have few beds coarse enough to con- 
vey water readily. The relations of the Chesapeake to the underlying 
Pamunkey, and the evidence of the deep wells, are discussed elsewhere (see 
page 97 et seq.). 
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UNDERGROUND WATERS. 


Distribution and quality—The chief sources of domestic water supply 
in Norfolk County are the gravels and sands in the Talbot formation, from 
5 to 50 feet below surface. The water from the shallow beds at most places 
is soft, but at many is iron-bearing; and at some, near bodies of salt water, 
is brackish. The deeper beds give hard water which in some places is iron 
bearing. ‘The discontinuous sand beds in the upper portion of the Chesa- 
peake yield supplies that are, as a rule, iron-bearing and hard, in fact too 
highly mineralized for general domestic use. 

Springs.—There are in Norfolk County comparatively few springs, but 
three have been developed on a commercial scale. Two, the White Oak and 
Landale, front inlets from Mason’s Creek, 5 to 5144 miles north of Norfolk. 
They yield soft, clear water from the Talbot sands. The output has been 
sold in Norfolk. At the Landale Spring the water issues from the sands 
just above tide level, and comes from some distance below the surface. The 
flow varies slightly with stages of the tide. The spring is some distance 
from the nearest house and the sanitary conditions, when the spring was 
inspected, were excellent. The following analysis, recalculated to express 
results in standard form, was furnished by the owner, W. J. Land. 


Analysis of Landale Mineral Spring water. 


(Henry Froehling, analyst. ) 








Parts per 1,000,000 


Total. Solids weg 84a ae ons bie ae tee a ee 87. 
Silica, (SiOs) n'a eewidoles alow Sin Doeete Se 2 ee ees bio 
Tron.” (FG) irs geck care Ws Wellies a ae 0.06 
Albunrinum CAT ese eee ee Sa, ob I ee 8 ee ok 0.18 
Caleium, (4a) Ye. 6c/ab4 leh toa ee aoe <a eee eee 5.8 
Mapnesium | (Mg): pies seca ant ook etme atti cade oat 2k eee ee eee 2D oe 
Sodium (Nay... ee DES ee pai ae nea aaa ate sae LA, Se see 14. 
Potassium .4d&). ssp avwsk ee cee See oo eee 16 
Lithinm .( Ta)”. 2. hs ae ah ee aie ee ea ee ae ete 0.01 
Lodine «(Too a at a ee ee ee en ee ene meee aan 0.009 
Bromine. (Br) yeois3-s - sae as kw ee ek | ein di ae trace 
Manganese (Mi) oi hulcxe ste do ee ra aa Cee en hh a emt ake trace 
Arsenic: FAB) eyed: ot ee ee ee ey ee en eee trace 
Bicarbonate radiele 4 HGO Via wy ot eceeeehe te e tee ec eee 9.2 
Sulphate radicle (8O.) asc gu eae ee eee: ae ogee 28. 
Nitrate radicle: (NOs) sfc eek Oe oe eee a eee 2 oo eee 5.5 
Ghiorine:\{ Gli: ais. 4a Bee weak 6 eek, Setar, tee heh ee 13. 


The White Oak Spring is situated near the Landale, and the water 
probably comes from the same horizon. ‘The following analysis, which has 
been recalculated, was furnished by the company putting the water on the 
market. 


NORFOLK COUNTY. Sar 


Analysis of White Oak Mineral water. 
(W. H. Taylor, analyst.) 


Parts per 1,000,000 


RICH MRO ea Cees Ce dh oe LRT ER Nias. Wins we ea Ae cag ek 5.4 
OE ae a Be a), wh Sha Ae, SEES 5 PL thaw Sls Ao etben tien gover trace 
ATT Te NE REN ik Si ae, ict ee Ree cerns eo ch abe aPSin 1. enue eka cated 4 21.0 
AR VCR INE) 8 ree 08,0 ok, ot GN ModE Eee 2s edt cae Php cian sth diy” Wi 2.8 
ESCOEE A Pee Paes 6° tay bs way SRE EK bina dee bnidd < alnctaly © 14.0 
Er NESE ATMOS ES TMP tone ck gaat a Mee haker gc caaivcls Auld, foci siMagln in carson 3.6 
POS Cee Pa iele rt bt OU be bcd eer ae hs es chin Ee oie. Jie cn Soccer 55.0 
Purpin tesreaseus FOO ly 5: 111 Deaew Adsense & dle Ge 29.0 
Oa ie OIG Ge Ce Bea ee pena ee we Say eee oe ea 15.0 


Another spring, owned by Joseph Freitas, on Mason’s Creek about 114 
miles due west of the two springs mentioned, has shipped water from time 
to time. 

Wells.—There are probably more driven wells in Norfolk County than 
in any other county in Virginia. Most of them are shallow, going to the 
first water-bearing sand. There are many dug wells, most of which are 
not over 15 feet deep, and a few drilled wells. In some places cisterns are 
used. ‘The more important deep wells have been mentioned on pages 97 
to 116. 

LOCAL SUPPLIES. 


The city of Norfolk is suppled with water by three distributing systems 
owned by the city, the Norfolk County Water Co., and the Portsmouth, 
Berkeley & Suffolk Co. The size, capacity, and general equipment of 
the different supply system are described on pages 75-81. 

In the outskirts of the city are many driven wells. G. B. Todd of 
Norfolk, who has driven a large number, states that east of Elizabeth River 
in Norfolk County are two water beds; one at 10 to 15 feet, yields water 
that is generally soft but is irony in places; and the second at 35 to 100 
feet, yields water that is generally harder and is irony at a few places. ‘The 
following records, furnished by Mr. Todd, show the character of the Talbot 
beds of the Columbia group. 


Record of test-boring, corner of Brooke Avenue and Brush Street, Norfolk. 





; Thickness Depth 
pistersa! L ¢meoe) | Varese) 
ERGs SE OU ree career na ee Wyeth g Beal mieritg © on Shee 4 4 
VET Ra Eas De gear OE en Ay 2 ee en Oe RS ee or 38% 7™% 
Ter Es BOTMGESANG Ae iy iit oir do oh cian hess Poa sG ae oko 7 14% 
BRS POC Lor i ae ea aay Ue EMTS a faite oe es Ee a Pe eet Pays 61 2] 
ORS VERT aC) ESOS STU W604 U0 bs Rr a7 ng ee i SO og setae 7 yt es 
RSA CIN ITO) ties Bak Res. idea 2x Feds Six een Bins hs RE Hie ese ee OR Ia a 8 36 








a SED REE Oe SE NAGS Pe RRP A Ena Me ra eR tie ae a AAA bray ae 2 38 


This well was driven on made ground, formerly a marsh. 
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Record of test-boring on Reeves Avenue at river bank, Norfolk. 





Thickness Depth 





Material (Feet) (Feet ) 
Made: ground 2) Sapo reste he eg eee eee ee 3% 3% 
Gray sand, water-bearing <i 2 f. #0 tem © en neem ar cee een a 8% 12 
Yellowsand, almost dry oon tae ee ee, Pont! 23 
Blackish mud, very soft, mixed with fine sand............... | Meh 40) 
Solid: coarse ‘sand; "water+bearing’ oi ss Gc ot een 40 


At Lambert Point, a suburb which in 1906 had a separate government, 
Norfolk County water is used by nine-tenths of the inhabitants. There 
are, however, numerous cisterns and some driven wells. The latter find 
two sources of supply; the first water, at 10 to 12 feet, is called poor; 
deeper water, at 45 feet, is hard, and in places too iron-bearing for domestic 
use. The Norfolk & Western Railway Co. has used Norfolk County water 
largely at its yards and terminal on the Point. .It once procured water 
from a system of driven wells 2 miles east of the Point, and subsequently 
tried a shallow well 30 feet in diameter about a half mile east of its yards. 
The water from the deep well, mentioned on page 107, is too highly min- 
eralized for boiler use. 

At Sewell Point, the site of the Jamestown Exposition, water can be 
obtained almost anywhere by driving a pipe down 8 or 10 feet. This water 
is not considered good. ‘The Exposition grounds were supplied by the 
Norfolk County Co. At Ocean View and on Willoughby Spit, where there 
are many suburban residences and summer cottages, water is obtained from 
driven wells. On the Spit the wells are 20 to 25 feet deep. The water is 
apt to be irony. At Ocean View station wells are about 12 feet deep, and 
vield better water than along the beach, where they average 18 to 20 feet 
and yield irony water. A few wells, from 20 to 30 feet deep, strike water 
in a blue sand below a bluemud. The water has a slight sulphur taste and 
at some wells is irony. A driller reports that in the vicinity of Ocean View 
a bed of shells is occasionally struck in the blue sand above the blue mud 
at a depth of 8 feet. This shell bed is probably of Pleistocene age and part 
of the Columbia group. 

Darton? has published records of several borings made by the city of 
Norfolk in search of shallow water east of the city. The two following are 
given in slightly modified forms to show the general character of the 
Columbia materials, and the depth to the main water beds. 


aDarton, N. H., Norfolk folio, U. S. Geol. Survey, 1902, p. 4. 
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Poorhouse tract swamp. 


Thickness | Depth 








Material (Feet) (Feet ) 
Sei tid yD ap Sig Ip od hat i al RR RE ore er See Aird ahr BS ie ae ae 4 5 
RS esrah 301 MMSE eer Ls 5 on Set LPR AM Retr te, i ino AR sole wea 4 | 9 
Sepea A TMER EL BEC Va oe Silas aris oie Page) Sake nas Teel Ras toler ns 9 sw Ke 23% 32%, 
iSARVTOVRTLIAGT® ent ge, 7 arly este aM a a IPI ee? Ore 1% | 35% 
SSRs VOueL A Meme ee 21S he ake soe WS) d Rae ae oe oMee AEs Bo ENS cles Ae, «hi 3Yy, 38 5-12 
PR AU CRG E WM ete te thea kg as 54 a gah aes ns acne Eorerel peed my vale bon 0a! WA 6 a Gh 7% 451% 
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Drummond woods. 





Thickness | Depth 





Material (Feet ) (Feet) 
Lh OPN Ee tics coe) arto aie afl gases ee enn, peu a bas 3 4 
Vital, bits itn Ja. io ela 8 eS ee be eT tie er a 9 & obels: 
SUNG PVE Con GTS 2 Si Se ee ee 2 ee ne > RO a ee MO re 8 Y 12) 
Ee TULA LE VOUS igh oe FCs gle cl ade dai ts ayer oa aaag ath Sw 9% 301% 
mel el gare tel Veen ete McG? 2's son ae nO S Seika bet ge te amie al ete 52%, | 36% 
ae aT re ee Bap chiar s Sales Sony! aut iacancdo anes). Sys AURIO bee 21, | 38% 
BLY LeeLee COT OUI LINO i nal 5, oN ale eed Foe cosets a 8 A ante a 5%, |. 44 


South of Norfolk, along the South Branch of Elizabeth River, wells 
have been put down for the boiler supply of mills. Most yield fair water. 
The EK. 8. Barnes Co., at its plant on the east bank of the South Branch, 
2 miles above the Norfolk Navy Yard, has 10 wells 72 to 86 feet deep. A 
partial analysis by the Hartford Steam Boiler Co. showed 648 parts of 
solid matter per 1,000,000, considerable soda, lime, magnesia, chlorides, 
and sulphates, some silica and potash, and a little iron; the chief substance 
in solution was sodium chloride, with “traces” of calcium and magnesium 
sulphates, a rather poor boiler water. Another well, 120 feet deep, yielded 
somewhat similar water, containing 652 parts of solid matter per 1,000,000. 
A group of 14 wells, 15 feet deep, at the same plant, yielded water that con- 
tained only 164 parts of solid matter per 1,000,000, a good boiler water. 
In this water the hardness was chiefly temporary, from carbonates of lime 
and magnesia. 

The Pocomoke Guano Co. obtains water from a well 86 feet deep, near 
Elizabeth River. The following record was furnished by the company: 


Record of 86-foot well of the Pocomoke Guano Co., near Elizabeth River. 








: Thickness Depth 
Pace (weet) | (Fact) 


Las CE a Sigs 2) Sane Gage ky Cee ee, Nee eee rn een ay Ee | 3 3 
Sr trent ud AWE TOUCK aie ere e © ae aes am Gao * 9 12 


Be reese Pesca Ci TUL (0 a: oer teagtllst teat Paks, oats ara 8 Nita xO MLSs aro, Seagal gl gs > Se an «68 80 
Shells, sand and gravel, water-bearing.........- 00.2052 n ees : 80 
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A partial analysis of the water from this well (table 7) shows an 
unusually high percentage of organic matter. 

Another well, that of the Roanoke Railroad & Lumber Co., not far from 
the two plants previously mentioned, penetrated the following beds, accord- 
ing to the company. 


Record of well of Roanoke Railroad & Lumber Co. 





Thickness | Depth 


Material (Feet) (Feet) 
Surface: soil’ and sand. i. gu «see ae So ee eee 15 15 
Clay, sands: at- base, rwater! ACs ss Ge tec sede ee eee oe | 10 25 
Black mud with fine shells, clear water at about 53 feet...... 28 53 
Beek Pines Ae ase peelg nl as vo Surge ye AUS nde eats eke Oot 10 63 


The water is said to be slightly salty and to scale badly in a boiler. 

The pumping plant of the Portsmouth, Berkeley & Suffolk Water Co. 
draws on some 35 6-inch wells, 25 feet deep, about 3 miles south of 
Berkeley. ‘The wells obtain water from a bed of gray sand below blue mud. 
The water level of the wells varies considerably. At times it is within 3 
feet of surface, but under heavy pumping falls to 17 feet. In 1906, there 
were no buildings on the tract and the possibility of pollution was remote. 
The water is said to be slightly hard. A partial analysis furnished by the 
American Waterworks & Guarantee Co. of Pittsburg, Pa., given in table 
7, shows a chlorine content of 17 parts per 1,000,000, about the average 
in Norfolk County for unpolluted shallow waters at points away from salt 
creeks or arms of Chesapeake Bay. 

At Oaklet, southeast of Norfolk, two water-bearing sands are tapped 
by the driven wells: The first, 12 to 18 feet below the surface and 8 to 10 
feet thick; the second, about 40 feet below the surface, and separated from 
the first by blue clay. A well driven 124 feet proved a failure, finding no 
water at that depth. The water from the 40-foot sand is considered more 
healthful than that from the 15-foot. 

The city of Portsmouth is supplied with water from Lake Kilby by the 
Portsmouth, Berkeley & Suffolk Co. Probably nine-tenths of the inhabi- 
tants of Portsmouth use this water, the remainder using driven wells and 
cisterns. 7 
At the Scottsville yards of the Seaboard Air Line Railway, 144 miles 
west of Portsmouth post-office, there are 14 214-inch wells and 12 4-inch 
wells, all 60 to 64 feet deep. The elevation of the ground at the wells is 
about 10 feet. ‘The following record was furnished by the company: 
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Record of driven wells at yard of Seaboard Air Inne Railway, Portsmouth. 





Thickness Depth 


Material (Peet) (Feet) 
Tee eae A ELLCL PRCA LES Calas A ric ON7 At aorta © eRe as  abale Ais bow hs les woe a 4 4 
Very fine gray quicksand with bits of rotten wood and tree 
agi ag <0) a aged DR Te) Re eee yl ae ee any ee 31 35 
Dish wrayvecwmy arom 8-to 10 feet. thick: cay ee es wk ss 9 44 
Very fine light buff sand, water-bearing ................... 6 50 
PAPUA ERAT EET ESL VOL ME Pe cnc eS an slo wad rE a ee ee ae eke dees 10 60 





No shell beds were found. The wells have double points, and are driven 
into the gravel because points in the soft sand corrode quickly. 'The yields 
are comparatively free, though the 214-inch wells are sometimes choked by 
sand. The draught in 1906 was 200,000 gallons of water daily, which was 
used for locomotive supply and general purposes. It is considered a good 
boiler water. Analyses of water from the old and new wells are given in 
table 7. 

The old wells comprise 14 21-inch and 2 4-inch wells, nearer the creek 
than the new wells (10 4-inch), and the water consequently contains more 
sodium chloride. Pumping for several months had slight effect on the 
quality, as is shown by the analyses. 

At Port Norfolk, the Norfolk & Portsmouth Traction Co. has, at a 
power plant at the corner of Mount Vernon Street and Florida Avenue, a 
mile south of Elizabeth River, 24 wells, 22 of which are 144 inch in 
diameter and 16 feet deep, and two are 2 inches in diameter and 50 feet 
deep. In 1906, these supplied all the water for the boilers, rated at 950 
horsepower, also for washing cars and for fire protection, in all about 55,000 
gallons daily. The water is stated to work well in a boiler, forming but 
little scale. ‘The water from the deep well is said to be harder than that 
from the shallow wells. A partial analysis furnished by the company, re- 
computed to standard form, is given in table 7. 

Near the Norfolk & Portsmouth Co.’s power house the Air Line Manu- 
facturing Co. had, in 1906, 5 114-inch wells 38 to 40 feet deep, which sup- 
plied water for a boiler capacity of 160 horsepower. The following record 
is reported: 


Record of wells of Air Line Manufacturing Co., Port Norfolk. 

















| Thickness Depth 


Material | (Feet ) (Feet ) 
Clay and sand with water at 8 to 14 feet. .................. | 14 14 
PAROS TRADE LOLOL SAD Pile Es RN Sy aE a en Ar ME en ak 8 SE eee a | 20 34 
eT Ty Ne ARE POCH III Bea AN Soc tts eee MEW IR ingy ee PEN aU FI alec My «ce i] 4 38 


The water was considered hard and a boiler compound was used to 
prevent scale. A partial analysis, recomputed, is given in table 7. 
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At the U. S. Naval Hospital in the southern part of the city 4 driven 
wells, 214 inches in diameter and 35 feet deep, were sunk 400 feet back 
from Elizabeth River. The maximum yield obtained by pumping was 50 
gallons per minute. The water, which rises to 8 feet of surface, or about 
tide level, is rather hard and is not used in boilers at the hospital. A partial 
analysis, furnished by the medical inspector in command, is given in table 
7. In the same table appears an analysis of water from a shallow well 
owned by the Portsmouth Knitting Mills. 

In the rural sections of Norfolk County, driven as well as dug wells 
generally go only to the first water-bearing sand, but some driven wells are 
40 to 80 feet deep. The quality of the water varies from place to place, but, 
except close to tidal inlets, is usually soft. Near the Dismal Swamp, where 
the water table is almost at the surface, the water is apt to be highly colored 
and of poor quality. 

Data collected regarding shallow wells at a number of places are sum- 
marized below: 


Details of shallow wells in Norfolk County. 





Depth of . 
Locality well Water bed sere 
(Feet). y 
Cornland 45: Fi keencts den eee aes 8-45 Sand Deep, good 
Deeps. Greek t &.:i 2p tue ike bik a ok dees 6-12 Sand Good 
Fentresa oan eeu. eae eee 10-30 Sand Shallow, soft, or 
salty ; deep, irony 
Gilmertony4.an sa euteiches eee S10 ih tive hy hee eee Bad 
Grassheld \.:3 Geer eee or oe eee 8—14 Sand Poor to good 
Great (Bridge \47fee hee e aek ee oe 10-15 Sand Hard 
Hickoryiacs). Age pag pat aoe ie — 10-30 Sand Soft to hard 
Indian: Greek... (see ceree te beter S=12 five ies nee eee Ey © <2 dee ee 
Link. ‘a'24..s cd RS ee eee eee rote Ae Td Marae Seah tee Shallow, soft; 
| deep, hard. 
Oakleti« Fo. Sos eu Se ee ee | 12-18 Sand Shallow, poor; 
deep, good 
Piney\Beach! wi fc: 84) odes _ 10-15 |Clay, sand and| - Brackish 
| gravel. 
Port: Noriolle 245.4444 ee | 10-35 Marl Not good 
Pughs) icha cil iste be. cen 25-30 Sand Soft 
Sewell’s “Point: %. 7. .5,.- a eee | 10-50 Sand Soft, irony, hard 
Tanners: Creek 7jatt fae 0 eae | 10-12 Sand Soft 
West. Norio line oi 4 voters ea 20-30 Sand Hard 





At some places where the shallow water is poor, cisterns are more or 
less used. 

At Great Bridge a dug well struck a shell bed containing “large oyster 
shells” at 20 feet. Water was found at about 30 feet which quickly 
filled the well. The owner uses the water for irrigation, and reports pump- 
ing 214 gallons per minute without lowering its level. 
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Conclusions.—Ground water suitable for household and domestic use 
can be had at many places in Norfolk County at slight cost. Because of the 
easy pollution of dug wells, unless protected with more than average care, 
driven wells are to be preferred; water from 25 to 50 feet is less liable to 
pollution than that from 5 to 20 feet below surface. The best water will 
be found on dry tracts 10 to 30 feet above sea level, the poorest on lower 
ground along tidal inlets. Deep artesian water can be had under the whole 
county; its quality is problematical. Flows of such clear, soft water as 
are found in counties to the west are not to be expected. 


NORTHAMPTON COUNTY. 


General description.—Northampton County covers the southern part of 
the peninsula known as the Eastern Shore. The topographic aspects of the 
county are much like those of Accomac. Low islands or barrier beaches 
fringe the eastern coast; behind these are broad, shallow lagoons, mud 
flats bare at low tide, and wide stretches of salt marsh. On the bay side 
the shoreline is sharper. The surface elevations apparently lie below 35 
feet and the surface is included in the lower Columbia terraces. 


Geology.—Reddish buff to yellow clay loam underlies the sandy soil, 
and is underlain in turn by white and yellowish sands with occasional beds 
of light clay. The maximum thickness of these beds may be 40 feet. Be- 
neath are the same series of silver-gray or bluish-gray sands, shell beds, and 
soft, dark clays, that are found in Accomac County, and are regarded as 
part of the Columbia group. Fewer drilled wells have been sunk in 
Northampton than in Accomac County, hence information regarding beds 
of fossil shells is scant, but they evidently occur at varying depths, the 
least depth reported being 30 feet, near Brighton. ‘There is no evidence 
available for sharply separating the bottom of the Columbia (Pleistocene) 
from the top of the Chesapeake (Miocene), but the Columbia may be 100 
feet thick. Pliocene beds may be present but have not been recognized. 


UNDERGROUND WATERS. 


Nstribution and quality.—Good water has been found at most places. 
The depth to the water table, the “‘first spring,” may be 20 feet in places, 
but usually is decidedly less and probably averages not far from 10 feet. 
The water table after prolonged wet weather comes to the surface on many 
flat stretches of land. The water from the deeper sands, the “second and 
third springs,” contains, as a rule, more lime and less iron than that from 
the “first spring,” and, if proper care is taken in its recovery, is practically 
above suspicion of pollution from surface sources. 
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Springs.—There are very few springs in the county. One 6 miles east 
of Chesapeake is reported to flow 1 gallon of clear, soft water per minute. 

Wells.—The dug well is still the most widely used source of water 
supply. Wood casing is being supplanted by tile. Driven wells are becom- 
ing more and more popular. It is claimed by some persons that since 
driven wells came into general use there has been a marked improvement in 
the public health. 

Most of the driven wells get water from the “first spring” and are not 
over 20 feet deep, but may go down 50 or 60 feet, and some drilled wells 
go to depths of 100 feet and more. The usual charge for “driving pumps” 
(putting down 114-inch driven wells), is about 30 cents per foot, the point 
and pump being priced separately. The type of point most used is 3 feet 
long with 60-mesh gauze screens; gauze as fine as 90-mesh being rarely 
used. 

Wells of 114-inch diameter are almost invariably driven. Sometimes 
the pipe strikes “rocks” so dense that a 75-pound hammer falling 15 feet 
will not start it, but where conditions are favorable 125 feet of pipe can 
be driven in 14% days. Drilled 2-inch wells are put down by the wash 
process, charges varying from 50 cents to $1 per foot, with point and pump 
included. ‘These wells often have 6-foot Cook strainers. 


LOCAL SUPPLIES. 


At Exmore supplies are obtained from the “first spring,’ wells averag- 
ing 10 to 20 feet deep . The tank of the New York, Philadelphia & Norfolk 
Railroad is supplied with water from a 14-foot dug well, 18 feet in diameter, 
supplemented by points driven to the “second spring” at 30 to 40 feet. A 
partial analysis of the water from the 14-foot, 30-foot, and 40-foot wells is 
given in table 7. The analyses are chiefly interesting for the increase in 
hardness and in chlorine with depth. An analysis of water from a 12-foot 
well, made by C. B. Dudley for the Pennsylvania System, showed 8.4 grains 
of total solid residue per gallon, consisting principally of lime and magnesia 
sulphate with no carbonate, a slightly corrosive water. 

The water in most of the village wells is soft and contains little iron. 
The pumps and dug wells at Nassawadox and Franktown show wide varia- 
tions in supplies. At Nassawadox, drillers know 4 “springs” at depths of 
8, 18, 28, and 38 feet. Water from the first is considered fairly good, that 
from the second and third irony, while that from the fourth has a decided 
sulphur odor. At Franktown, pumps are driven to two water beds, at 20 
and at 35 to 40 feet. Both furnish soft water that is not irony, but local 
physicians prefer water from the deeper bed. 
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At Eastville, water is found at approximate depths of 10, 30, and 40 
feet. Most driven wells go to the 30-foot bed which yields a soft, slightly 
iron-bearing water. One well driven 105 feet found no water below 33 
feet. A well at the Courthouse, much used by the public, is driven 40 feet, 
and yields good water. (For field assay, see table 7.) The tank of the 
New York, Philadelphia & Norfolk Railroad has been supplied from a 14- 
foot dug well that gives a satisfactory boiler water. A partial analysis ap- 
pears in table 7. Another analysis made by C. B. Dudley showed 11.01 
grains per gallon of total solid residue, consisting chiefly of lime and mag- 
nesia sulphates, with considerable chlorides. 

At Cheriton most pumps get water at 16 or 30 feet; it is said to be 
medium soft and is more or less iron-bearing, though at some wells it con- 
tains very little iron. Water having a decided sulphur odor was found at 
63 feet in a well at Huff Brothers’ store, and is no longer used. ‘The record 
of this well is as follows: | 


Record of well at Chenton. 


(Authority, Huff Brothers, owners.) 








. Thickness | Depth 
rea am (Feet) | (Peet) 
ee ae he i As eine de As he wl ok as 1 1 
Yellow and gray sand, with water at 14 to 16 feet and 29 
AC LOC tN RON Naa ay ani ae tid ti Soe pak Fd sida axe wns ey Reg 29 30 
Pree IAT HUAI A ae ee au. Sb eden dN A Rae Utes ove tee 3p 62 
mamaria anellag sulphur Water is fa aye A yale 4 Weep ciel t nme es ] 63 


‘here are many flowing wells in the county but not nearly so many as 
in Accomac. Most of them are on the ocean side, several being on Upshur 
Neck. One of these, on Brownsville Creek, driven by W. M. E. Tilghman, 
of Nassawadox, for Thomas Upshur, is 127 feet deep, 114 inches in 
diameter, and flowed 114 gallons per minute at an elevation of 514 feet 
above mean high tide. At Oyster, 5 114-inch wells were drilled some years 
ago for W. T. Travis. They are said to range in depth from 175 to 225 
feet and to strike silver gray sands containing marine shells. The flows are 
about 1 gallon per minute at 3 feet above mean high water, and about one- 
third more at high tide than at low. The water has a faint sulphur odor 
but is excellent and is used for domestic supply and on fishermen’s boats. 
A field assay of water from one well is in table 7. 

Cape Charles is the only town in Northampton County having a public 
supply system. ‘The supply in 1906 came from an open well, 20 feet in 
diameter and 20 feet deep, and 17 3-inch points, 3 driven to 40 feet, and 
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14 to less depths. ‘Twelve of these points were owned by the city and 5 by 
an ice plant. Owing to the steady draught the water table, normally about 
8 feet below surface, has been lowered over a considerable area about the 
points, so that the 12-foot well is ordinarily entirely dry, and contains a 
few inches of water only after prolonged wet weather. The water from the 
points which tap the “second spring” in the Talbot sands makes good ice, 
but forms scale in boilers. In 1906, about three-fourths of the town’s popu- 
lation used city water, the remainder using pumps driven to the “first 
spring.” 

At the shops of the New York, Philadelphia & Norfolk Railroad are 22 
40-foot points and 4 90-foot points directly connected to a steam pump. 
The log of the deeper wells, situated at 4 feet above mean high tide, is as 
follows: 


Record of well of New York, Philadelphia & Norfolk Ratlroad, at shops, 
Cape Charles. 
(Authority, Geo. srasdall superintendent motive power, N. Y. P. & N. R. R.) 
| Thickness | Depth 














eM | (Feet) | (Feet) 

Surfaces soil ¢ taxes ovis 15 eR arn ia Ce 6 ee 1 1 
Bull. sand ye Clay ae cic bed pin sp cst chs onc mene ate area eee eee renee eae 4 5 
Yellow: sand ,swatercatel0 feet. 4.7 ws 2. sae ee eee 10 15 
White sand, quicksanditwiths water 7. 2.6 4)... eg ek eee oe 25 40 
Gravel and pebbles, pebbles yellow, white, red, and black.... | 3 43 
Pea-preen ‘marl ino (sheline tay Sata vais es os are ee Sree ee | 10 53 
Black mud with rotlen wood, -noishelle \2..4 35.4.5 epee ee | 17 70 
Shells and sand: good water at 90 feet which rises to 6 feet 


OF “BUTIAGE sh a ere eee ed et ee ES aie ee 25 95 


An attempt to get a flow by drilling deeper, made some 20 years ago, 
proved a failure, no freely water-bearing beds being found to a depth of 
300 feet, but the character of the rig used prevented this test from being 
decisive. In 1910, the railroad had a well sunk over 1,500 feet by a careful 
driller, but found no strongly water-bearing sand between 40 and 1,520 feet. 

The water from the driven wells is used in stationary boilers, also by 
locomotives and steamboats. It forms a hard scale. Az the shops the boilers 
are run in weekly alternation and thoroughly cleaned when idle. Soda ash 
caused priming and various boiler compounds tried were too costly for the 
results obtained. Analyses of water from a 14-foot dug well and from a 
90-foot point are given in table 7. It is not impossible, in view of the 
depression of the water table by pumping and the situation of the wells 
near the bay, that salt water may gradually work inland and impair the 
quality of the present supplies at the shops. 
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The conditions governing the underground occurrence of fresh water 
on the low islands along the coast have already been discussed (page 117). 
To get water other than rain water is a matter of considerable importance 
because of the growing popularity of the islands as resorts. Water from 
shallow driven pumps is the most available, though this is as a rule high- 
colored, irony, and, after high tides or dry weather, brackish. Wells sunk 
* 100 to 250 feet may give better supphes, much depending on the location 
of the island with reference to catchment areas on the mainland. 

The conditions on several of these islands are summarized below: 


Details of wells on islands of Northampton County. 








Level of water 





Deepest ; 
above or below Yield ves 
Island Bite ) surface (Gal. p.m.) MAE Use 
(Feet) 
BONG) 2 ae os Pein 169 9 3 Trony Domestic 
Mockhorn! 55)... 185 ee: Clee) Mii ea eae Domestic 
and stock 
Fisherman’s: 4 %..«. DMO ais Axel eee) eae bud ods tite Wan, SRG Abandoned 
Sandy, or Cherry- 
BUONG. Went ae ee 169 (7) +1% 10 Slightly | Boiler 
saline 











No records of the materials passed through have been kept, but water- 
bearing sands of the Columbia group (Pleistocene) supply the shallow 
wells, and Chesapeake (Miocene) sands the deep wells. 

The well on Sandy Island is of interest on account of the small area and 
slight elevation (less than 5 feet) of the island, which is nearly covered by 
a large fish factory. ‘The well supplies 20,000 gallons per day, the flow at 
114, feet above tide varies from nothing to 10 gallons per minute, but, by 
pumping, 80 gallons per minute can be obtained. The water, though 
brackish, is used for drinking and cooking and to supply 7 tubular boilers, 
rated capacity 800 horsepower. ‘Three fishing steamers owned by the com- 
pany also use the water. It forms a hard, white scale. A field assay is 
given in table 8. 

The wells on Fisherman’s Island were driven to supply the Quarantine 
Station, the points became clogged by rust, and the wells were abandoned. 
The Bone Island well was sunk for a club-house and other buildings. The 
water is used for drinking and other purposes, but contains a rather large 
percentage of chlorine and is high in iron. 

Data regarding wells at other places in the county are summarized 
below: 
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Details of wells in Northampton County. 
































Depth of ; 
Location well Water bed ehh eT: 
(Feet) water 
Birdsnest\on)4 soci eee 8-30 POLL 88) aude eae 
Gapeville:) 2), yates ees | 14-18 -» Sand Shallow, fair; 
| deep, good. 
Chesapeake 22 han ce. Settee 10 -DOe LW ERaiTS. Gat oe a ee Shallow, fair, 
driven and drilled deep, good. 
| 12-30 dug | 
Dalleve sso, cade ‘yp LO driven S16 2 cite ee a ‘Shallow, — salty; 
| | | deep, better. 
10-15 dug | 
Bastville: atc eee 12-15 dug Shallow, sand,' Good 
| | deep, sand and 
20-35 driven | gravel. 
Franktowi o.4¢5 200 ot 10-60 ee Mee os Good 
Mashipuniee’ (oi. 0 site wae 12-18 | Sand Fair to good 
Reedy Wihart ota or eee 4—25 | Sand Poor to fair 
Stewart’s Wharf ........ 6-30 | Sand Salty to good 
Wardtown iv... seve! 10-20 bm eee rier Aa Poor to fair 
Williste hart. veer >. 8-25 Se merts Cetin Ms Shallow, _ soft; 
deep, hard. 


Conclusions.—At most points in the county driven wells, 30 to 50 feet 
deep, are preferable for sanitary reasons to those 10 to 20 feet deep; and 
for the same reason driven wells are much preferable to dug wells. Artesian 
waters that will rise 3 to 5 feet above tide level can be had by wells 75 to 
100 feet at many places, but the sands are not continuous, and depths to 
flows can not be predicted if no drilling has been done in the vicinity. 

While the lower formations of the Chesapeake group (Miocene) and 
the sands of the Pamunkey group (Hocene) may contain beds that will give 
flows at elevations less than 10 feet, and while the Upper Cretaceous and 
the Potomac undoubtedly contain such beds, sinking to depths of over 500 
feet is not advisable. As indicated by wells in Gloucester County on the 
west and across the Maryland line on the north, these deep waters are in all 
probability highly mineralized. 

At Cape Charles the quality and volume of the water obtainable near 
the water front to a depth of 1,500 feet have been proven. Better water 
can probably be had by wells 20 to 80 feet deep driven east of the town, and 
larger yield by placing points at least 50 feet apart. The water found at 
250 feet in sinking the deep well may repay investigation. 

On the off-shore islands along the coast deep water prospects are not so 
promising as on the mainland, and on some of these islands cisterns will 
prove more satisfactory than wells. 
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NORTHUMBERLAND COUNTY. 


General description.—Northumberland County, formed in 1648, oc- 
cupies part of the eastern end of the Northern Neck, the peninsula between 
Potomac and Rappahannock rivers. The county faces Potomac River on 
the north and Chesapeake Bay on the east, and has a decidedly irregular 
outline. 

Much of the county has the topography peculiar to the greater part of 
the Sunderland plain, a gently undulating surface, sharply cut by creek 
gorges. Altitudes on this plain are nowhere above 120 feet. Practically 
all streams draining the county flow to Potomac River or Chesapeake Bay, 
the county line on the south following the Potomac-Rappahannock divide. 


Geology.—Columbia deposits mantle the surface. Miocene beds belong- 
ing to the St. Mary’s formation are exposed at many points near Yeocomico, 
Great Wicomico, Little Wicomico, and Coan rivers. They are prevailingly 
sandy, gray to greenish or bluish in tint, and contain beds of shells. ‘The 
Pamunkey, the Upper Cretaceous, and the Potomac beds are not exposed 
within the county; well records indicate that the bottom of the Chesapeake 
group lies 320 feet below tide water on the western boundary of the county 
and 600 feet below at Fleet Point. The base of the Pamunkey is 500 feet 
blow tide water at Kinsale and 700 feet below at Fleet Point. The crystal- 
line bed rock may be 1,500 feet below sea level at Kinsale. 


UNDERGROUND WATERS. 


Distribution and quality—Ground water, abundant and potable, is 
found in the Columbia sands and in the top beds of the Chesapeake under 
most of the county. On the lower terraces many shallow wells go dry in 
time of drought. The quality of the water varies from soft and sweet to 
hard, irony, or brackish. 

The deeper Chesapeake sands and the Pamunkey sands carry soft water 
under the whole county. There are artesian sands at the base of the Cal- 
vert, in the Nanjemoy formation, and in still lower beds, possibly Matawan. 
The heads of the flows range from 10 to 35 feet above sea level. ‘he Chesa- 
peake flows are soft, alkaline, and shghtly sulphur-bearing. The Pamunkey 
waters much resemble the Chesapeake but have less sulphur odor. The 
Upper Cretaceous waters are harder than the Chesapeake and Pamunkey, 
and contain more lime salt. 

Springs.—There are many springs of the usual Coastal Plain type along 
scarps, and in gorges and gullies. The majority flow from Columbia sands, 
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a few from shell beds in the Chesapeake group. The great majority are 
without improvements and are used only for watering stock. From none is 
water sold. 


Wells.—On the higher terraces dug wells are lined with planks at the 
bottom and at the top, since the loams near surface are sandy. On the 
lower terraces wells are lined with planks or boards throughout. A small 
proportion of the wells are lined with brick; very few are cased with tile. 
On the lower terraces are a few driven wells, and along inlets from Potomac 
river and Chesapeake bay are many drilled wells. Most of these are of small 
diameter, under 2 inches, and go only to the first sand that will yield a flow. 
A few are of larger diameter, 2 to 6 inches, and go down more than 500 feet. 


LOCAL SUPPLIES. 


At Heathsville, the county seat, all the water used is obtained from dug 
wells 25 to 45 feet deep; in some wells it is hard. 

On Yeocomico and Coan rivers most of the flowing wells get water from 
Calvert sands at 250 to 320 feet. A field assay of water from the Calvert 
flow at Coan on Coan River is given in table 8. 

The wells on the Great Wicomico are among the most notable in Tide- 
water Virginia. They range in depth from 590 to nearly 700 feet, and are 
2 to 6 inches in diameter. Most of them were drilled by the same con- 
tractor, R. H. Milligan, of Crisfield, Md. Through the kindness of Mr. 
Milligan the following record of a well at Reedville is published : 


Record of 698-foot well of J. C. Fisher, Reedville. 
(Authority. R. H. Milligan, driller.) 





| Thickness | Depth 




















Material | (Feet) | (Feet) 
ee W re proee r mes ees. Save Sec. ee Se 

soil; sand, gravel’ ebt.n 7). usa venues Sele ee ke eee eee 60 60 
Sandy; Clay: sees AEG ow klec > wane ce SP a ener ore 20 80 
Blue, clay tos «gies ond Sho y ieee ee en 50 ite ae 
Dark mari*(clay and sand, Toll’ qt shelig) 2. 7 seen eee ae los 263 
Shell -roek sess i Doe aes vnc be Sees eee ee ee 8 fete 7p 
Hard:dark (marl.f<%\.5 5c ease ate Spite 2k) weet ore 101 372 
ROCK oe rg at alg oe ore Bae Ok nes Fe Se ce Sh RT Og cee 2 | , af4 
Sand, water-bearing; sulphur water, flow not tested........ 26 | 400 
Soft. darks’ clay :i\.1k¢6 sh ssaetetsia 6 ne ol eects a tetanus 8 408 
Dark snarl with thin /croste ol fot.) ecw ce eee 68 476 
Hard: toch a ties Fae are wt rir, Wee ge ell eat AAR i 4 480 
Tough dark clay ion avg ieg oe acola mca sk ee ee 210 690 
White micaceous sand, contains lignite, water-bearing: flow 18) 

gallons through a 2-inch pipe at 30 feet above tidewater.... 8 698 
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Mr. Milligan also furnished the following notes on the formations pene- 
trated below 670 feet by the well at Fleet Point. 


Partial record of well of Fleeton Development Co., Fleeton. 
(Authority, R. H. Milligan, driller.) 








Sy) Thickness | Depth 
Material (Feet) (Feet) 
I CCL AM A Pee alee cog § ea Reg ied EM peta Eee els oat ela 672 672 
Hard white sand containing a little water.................. 20 692 
Proroeiiar ee wit. orecn. Clay) DelOW: sfc) Scie ae ones es 17 709 
Sand, water-bearing, flow at surface 15 gallons per minute 
RMrOUUmaslione DIPGs te < sols. d ee ete et rane peels ce 2 1 710 
Poe VCO URINAL hace ciye's <6 °F in -a:sfabucnaty Sabet enn Me Pale et 10 720 
White sand, water-bearing, flow not tested ................. 1 721 
Red clay (a streak not over 1] foot thick and “red as paint”; 
aoueosresy) turning brownish below, tcf. aoe Gees > giePos! eon 8 19 740 
White sand lying in crusts, comes up in balls easily crushed; 
with the fingers, water-bearing; flow 30 gallons per minute 
PER Ae MRTG LE LD Se cite Sree Eee nats oi ere a Oe ee Oe SS | 5 745 


The red clay and the white sand below it correspond to those struck at 
Urbanna, in Middlesex County, at 520 to 590 feet. 
The water from the deep wells on the Great Wicomico is used for gen- 
eral household purposes, but particularly for boiler supply and for cleaning 


at the fish factories. 


The conditions reported at some places in Northumberland County, 
where dug and driven wells are the sole sources of supply, are summarized 


as follows: 


Details of wells in Northumberland County. 














Depth of | : 
Location well Water bed aay af 

(Feet) te 
BigckwWellga. ceiiat PeAGe. «afd> oS thd 35-72 Sand and rock Good 
PSPUAE LOLGUR te See sas | atl yk: 20-35 Sand Shallow, salty; 

deep, good. 
(ee wat ges Bie koe a a 8-80 Sand Soft to hard 
RET Ue et A Sle is Sy ale 3 10-14 Sand and gravel Soft 
PSO ON Rea meas wide stars s sme 4's 35-50 Sand Slightly hard 
IGACGTION ee. Wee's oh atsiein cies s+ 18 Sand Soft, brackish 
EGS nop Oe. ee Ber ae ae oe BO ceU Om MOMISteeth WO) sews vlonieeikar cs 
clay. 
TGLESDRT Site e cies tedat oa fais 6 gt ot WSs 25-60 (Iron crusts and Soft 
sand, 

LDA is meen hs dis wits od «ate 8-20 Sand Soft 
DVL TEAM COe I E  Mialane 3 Aah tas he, Os lol ee =e 14-50 rTM Re Ae che) ss edhe aut ey eal ae 
TOGUV LLG ns cr mter Mr to it ni opty woracae 10-15 Sand Soft 
EER aay WG ene eee eae |> -lb—-25 Sand Soft 
PAI PEON e WEL, gies ths las. Bhat A sg UR I Soft and hard 
USOT UE 9 6 ad a) | or er re 7-15 Sand Good 
DV ACOTMICOL Ue UTM a 5 tcl ’s six 5. 6's ale Det it ie meine wets 2 eat ta 





C0 8 Ae) ed ee) «ew 
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Conclusions.—In Northumberland, as in other counties in the Virginia 
Coastal Plain, the development of ground water by dug wells is not always 
done with proper care. Though most wells, except those in villages, are not 
situated dangerously near privies and other sources of pollution, the pro- 
tection of the wells at surface is usually altogether too slight. An abundant 
supply of artesian waters that will rise 35 feet above sea level can be had 
anywhere in the county by properly drilled and cased wells. ‘The develop- 
ment of this water merits more attention than it has received, in spite of 
the many flowing wells in the county. At Heathville, soft water can be 
had by drilling 340 feet; it will have to be pumped as it will rise only to 
within about 40 feet of the surface. 


PRINCE GEORGE COUNTY. 


General description—Prince George County, formed in 1702 from 
Charles City County, lies south of James River and the tidal portion of 
Appomattox River, east of Petersburg. The most thickly settled portion 
of the county is near Petersburg, which city is just across the county line 
in Dinwiddie County. 

The county is near the western edge of the Coastal Plain, but, except 
along James River where the more important creeks, Baileys, Graves, and 
Chipoak, have cut short valleys, the topography differs from that of 
counties along the “‘fall-line” to the north. The headwaters of Blackwater 
River are only 5 miles from Appomattox River. Blackwater River flows 
into the Chowan, which empties into Albemarle Sound 150 miles to the 
southeast. Except near their mouths, the creeks flowing to the James 
have steep gradients; those flowing to the Blackwater and Nottoway have 
flatter gradients. The larger streams flow through narrow swamps 30 to 
60 feet below an undulating sandy plain. The valley slopes are without 
steep descents. The highest points in the county are just south of Peters- 
burg and have an elevation of 200 feet, but most of the county is com- 
paratively low, a considerable portion being less than 100 feet above sea 
level. ‘Terraces are clearly traceable along Appomattox and James rivers, 
but along the tributaries of Blackwater and Nottoway rivers the terraces 
grade into each other by slopes; scarps are not prominent. ‘The greater 
part of the high ground of the county is included in the Sunderland terrace. 

Geology.—The oldest visible formation within the county limits is the 
Patuxent of the Potomac group (Lower Cretaceous). Its characteristic 
arkosie sandstones and incoherent sands containing pebbles, cobbles, and 
clay balls, are exposed near Livetenant Run, a tributary of Appomattox 


PRINCE GEORGE COUNTY. 


rad) 
Or 
Os 


River, in the northwest corner of the county, and in various places near 
Appomattox River for 4 or 5 miles northeastward. ‘The greensands and 
shell beds of the Aquia formation of the Pamunkey group (Eocene) out- 
crop on Livetenant Run near the Petersburg waterworks pumping station 
and at several places on James River, as in the bluffs at City Point. The 
Calvert formation of the Chesapeake group (Miocene) containing dark 
and light diatomaceous clays, and dark and light sandy clays, with shell 
beds, overlaps both the Pamunkey and Potomac. ‘The base of the Chesa- 
peake is 5 feet above sea level at Coggins Point, but is about 150 feet 
below at the mouth of Chipoak Creek, 10 miles southeast. Near Peters- 
burg, the base of the Pamunkey is about at sea level, whereas at City 
Point, 6 miles northeast, it is about 20 feet below, and between is a wide 
stretch of country where Potomac beds are 50 feet above sea level. The 
base of the Pamunkey at the mouth of Chipoak Creek is about 300 feet 
below sea level. 


UNDERGROUND WATERS. 


Distribution and quality—An abundance of water is stored in the 
Columbia sands and the upper beds of the Potomac and Pamunkey groups 
in the western part of the county, and the upper beds of the Chesapeake 
in the eastern and southern portions. The quality shows wide differences, 
but the water generally is soft. Relatively few deep wells have been drilled 
in the county, and little is known of the quality of the Patuxent and 
Potomac waters under more than 100 feet of cover. 

Springs.—Prince George County contains numerous springs, but none 
of commercial interest. Some are used for household supply. One of the 
most noted is at City Point; it really consists of several springs developed 
by digging along the face of the bluff, and once supplied the hospital of 
Grant’s army. It is now used by several families. ‘The total flow is per- 
haps 50 gallons per minute. The water is clear, tasteless, and odorless, 
but, as it comes from shell beds in the Pamunkey, is shghtly hard. 

At Coggins Point a spring that flows from sand beds near the top of 
the Chesapeake supplies the residence of David Dunlop. The water is 
pumped by a gasoline engine from an enclosed masonry basin to an ele- 
vated tank, and is distributed thence to the dwelling house and other 
buildings. The flow is 25 gallons per minute. ‘The water is clear, taste- 
less, odorless, and low in lime (for field assay see table 6). 

Two springs are worthy of note. One, having a flow of 25 gallons per 
minute, is 2 miles west of Disputanta, the other is at Warwick Church a. 
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mile farther west. Both springs flow from surface sands a foot or two 
above the level of the water in Warwick Swamp. Field assays of the 
waters are given in table 6. A spring near Garysville has been utilized 
for household supply by means of a ram. 

Wells—Dug wells that draw on water-bearing sands in the Columbia 
formations are the chief source of supply in villages and on farms. Most 
of them are cased with wood, a few with tile; near Petersburg are many 
deep, bricked wells. The cost of dug wells varies. At City Point the cost 
of wells 20 to 50 feet deep is $2 per foot for digging and bricking. There 
are some driven wells and some bored wells. In places ordinary driven 
wells are unsatisfactory because of fine sand clogging the pipes and cutting 
pump valves. 

LOCAL SUPPLIES. 


At Prince George Courthouse only dug wells are used. ‘These yield 
water that is said to be slightly hard. The lower part of Blandford, a 
suburb of Petersburg, is supplied with surface water from the Petersburg 
system. ‘The dug wells on the high ground are 40 to 60 feet deep, and 
usually get soft water. On the lowland near Appomattox River driven 
wells get water of varying quality at depths of 20 to 25 feet, from Columbia 
or Potomac sands and gravels. At City Point, where dug wells 20 to 50 
feet deep get hard water, a drilled well 112 feet deep obtains from Potomac 
gravels plentiful supplies of soft water that is sometimes turbid from clay 
in the water bed. Samples saved from this well served for the following 
record : 

Record of well of the Misses Epes, City Point. 





Thickness | Depth 








Material (Feet) (Feet ) 

Soil; clay and ‘sand: (mov sample)..c. seopeene on eee ages 40 40 
Fine to coarse quartz sand with a little dark clay and much 

glauconite’ > 5..i% .e tee ae biel entre tee eke ee ne ee eee 15 55 
Quartz sand, glauconitic, and coarse gravel, in light clay..... 20 75 
Fine to coarse white gravel with a little arkosic. sand, some 

plauComile, oo ec anes «ie week he ate, oy oe ee et 14 89 
Fine prayelin\ white ¢lay 2; ic ged b. Mel shige eee ee el i 33 112 
Gravel and well-rounded pebbles up to 2 inches in diameter, 

witha, little white clay; water-bearing®)..04 5 see ss a8 112 


A complete analysis of this water, of interest because of the location of 
the well, is given in table 11. | 

At Coggins Point a well 307 feet deep passed through several water- 
bearing beds between 60 feet and the bottom, but could not get a flow, as 
the elevation of the well mouth is 63 feet above mean high tide in James 
River. 
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At Disputanta, people rely on dug wells about 14 feet deep which get 
soft water from red, buff and yellow loams of the Columbia group. As 
the loams stand well, many of the wells are not cased, having only 2 or 3 
feet of wood curbing at the top. The average depth of the wells within a 
mile of Disputanta is 20 feet; the deepest well is 35 feet. In the vicinity 
of Wall’s Store wells on slopes get hard water at 10 to 15 feet in marl, while 
those on high ground get soft water at 22 to 25 feet in white sand under 
red clay. 

Information regarding dug wells at other points in the county is sum- 
marized herewith : 


Details of dug wells in Prince George County. 

















| Depth of nie 
Location | well Water bed sated Se 

| WM Beet 
ACAGCHIYOt eich SE One Sat _ 15-20 Loam and sand Soft 
MATUTICOTIO tee mete ee tts hice «cen. Vim reaee s Pt ee Re MEN Me eR ee ae | ill ty 
Pero wavs lion mean eee. ae ste a coe 15-40 Shallow, sand; Good and bad 

| deep, marl. 
Harrison Grove Corner ........ | 32 Sand Soft 
ELLOS WON Oe cee eka ea Ole coun | 20-30 Sand Soft 
Garyaviller werk: ehaar cts, 2040 Sand Soft 
BCT LOLONL Site atte te ged oy cds Kost cng inf TOAD Wi ge a cee a hie ace ah Barer | Irony 
ROP UIOVY les: hac ghte a elatc 4 glo cas | 30 Sand Soft 
PEUIeDlOOG Be DLOLe. wr. co -  ws os| 20-35 Sand Soft 





At Spratleyville a bored well near the store went through soil 2 feet; 
variegated clay, 15 feet; yellow sand, 18 feet; coarse white gravel—water- 
bearing—1 foot. Near Garysville wells on high ground go through soil, 
1 foot; red clay, 10 feet; yellow sand with cobbles, 3 feet; “pipe” clay 
and red clay, 10 feet; and get water from white sand. 





Conclusions.—As the western side of Prince George County is near the 
edge of the Coastal Plain, there is slight chance of obtaining flowing wells 
except along James River east of City Point. Flows with heads of 10 to 
25 feet above tide can be had from Pamunkey and Potomac beds on low- 
ground near the river east of Baileys Creek. 

At Prince George artesian water can be had from the Potomac beds by 
pumping; the water will rise to about 35 feet below the level of the Court- 
house. At Disputanta, the artesian waters in the Pamunkey and Potomac 
sands will rise to about 40 feet below the level of the railroad station. 
Hence there is no chance of getting flows. 
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PRINCESS ANNE COUNTY. 


General description.—Princess Anne County, formed in 1691 from 
Norfolk County, is bounded on the north by Chesapeake Bay, on the east 
by the Atlantic Ocean, on the south by the North Carolina line, and on the 
west by Norfolk County.. The only incorporated town in the county is 
Virginia Beach, a noted resort. 

The surface of Princess Anne County is flat and is included in a low 
terrace. At the northwest, between the eastern branch of Elizabeth 
River and Lynnhaven Inlet, the surface in places rises 25 feet above mean 
sea level, but much the greater part of the county has an elevation of less 
than 20 feet. The highest points are on the sand dunes near Cape Henry, 
over 75 feet high. ‘The county contains considerable tracts of swamp and 
marsh land. Shallow lagoons with wide stretches of salt marsh lie back of 
the barrier beach that extends from a few miles south of Virginia Beach 
to the North Carolina line. ‘The principal streams are tidal and have 
marshy shores. 

(reology.—No formations older than Columbia beds are exposed. ‘The 
youngest Columbia formation, as shown by well records, is probably 75 feet 
thick. It comprises buff loams and hght-colored sands, underlain below 
water level by soft, dark clays, termed marsh mud by well drillers, sands 
and shell beds. 

Below the Pleistocene beds lies the Chesapeake group, the upper part 
of which shows by well records not less than 250 feet of dark, sandy clay, 
which contains continuous sand beds and beds of shell marl, but in general 
is dense and impervious. Pamunkey, Upper Cretaceous, and Potomac beds 
underlie the Chesapeake in order. Crystalline bed rock is over 2,200 feet 
below sea level. 

UNDERGROUND WATERS. 


Distribution and quality.—Water lies near the surface in Princess Anne 
County, and abundant supplies can be had almost everywhere, but the 
quality at many places is not satisfactory. he shallow water where the 
water table is just below the surface is in many places of objectionable 
color or odor, and is not considered healthful. In some places this water is 
iron-bearing, and, along tidal inlets and on the barrier beaches, it is 
brackish. The waters, 15 to 50 feet below surface, are less liable to be 
polluted and are preferred. In places they are irony or brackish, and as a 
rule are hard. ‘The discontinuous sands near the top of the Chesapeake 
group have been little prospected. The quality of the deeper flows, as 
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shown by the well at the Norfolk City Waterworks pumping station, has 
already been discussed. (See page 110 et seq.) 

At their best, the Columbia supplies are soft and clear, and as good 
drinking water as can be desired. At their worst, they are so highly colored, 
hard, iron-bearing, and salty as to be unsuited for most purposes. 

Springs.—There are few springs in Princess Anne County; one of com- 
mercial importance is Diamond Spring, situated on land owned by C. F. 
Hodgman, a quarter of a mile east of Waterway. ‘The water issues from 
Talbot sands at the foot of a slight descent to an arm of Lake Lawson, and 
the flow is said to vary but little during the year. The water has been sold 
in Norfolk. The following sanitary analysis was furnished by the owner: 


Analysis of water from Diamond Spring near Waterway. 
(C. F. Chandler, analyst.) 


Parts per 1,000,000 


ip pe elie meee Men a So Sah st eat NONE unySe sd, bcd ond Grane wre 4s 36.4 
UFOs Diemer vo UL Gite ies = aap h a Oe eS eRe tn le eS os 12.5 
ROLLE 1 CMen Ne ek rs dn ohne stg ah Meg at Me kn SAS Be 10.5 
AesOe reams COLIC OTIC onto sos h tpeiane Cid. Sh Sean ty abe ee! caneeans’« 17.4 
ETACON ALOR MORAN Sete eS oo cect! «ul Sp ate e GAH SEISEPSAS sete. So Ce ets 0.0 
IVILPODGIIOtS SIGE ACeE SAIL NICEICES yo ci) 3 coe sin. ete we Cams ona ig) sue 1.55 
Permanent hardness, equivalent to CaCO,;.................-.055 13.1 


The sanitary surroundings of this spring in 1906 were excellent. 
Other springs are those of E. B. Macon and W. B. Strong, 2 miles west 
of Virginia Beach, which have been used for domestic supply. 


Wells—Driven wells are the principal source of water supply. Many 
of them are inexpensive, being driven by a maul to the first water-bearing 
sand and finished with a pitcher pump. ‘The yields vary greatly. Where 
the ground water is iron-bearing and corrosive the yield is much reduced 
within a few years by rust clogging the pipe. Wells finished with brass 
gauze, or slotted brass screens, and good pumps maintain their yield much 
longer. 

Dug wells are used chiefly for stock; because of their easy pollution 
they are reccommended only for irrigation. Several deep wells have been 
drilled in the county; particulars of some are given in table 5. 


LOCAL SUPPLIES. 


The Norfolk County Water Co., which supplies part of the city of 
Norfolk and several suburban settlements, has its pumping plant on a tract 
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of land containing about 275 acres, some 5 miles northeast of Norfolk, and 
a mile east of Moore’s Bridge. Here the company had driven or dug, 
previous to December 1, 1906, 36 wells, varying in depth from 30 to 40 
feet; all cased with iron. Thirty of the wells are 6 inches in diameter, and 
6 are 54 inches. Water normally stands 9 to 17 feet below the surface, 
which has an elevation of 15 to 25 feet. Below the hght-colored Talbot 
sands are bluish sands containing shells and some dark bluish clay. - One 
well driven 50 feet as a test found no water in these beds. The following 
average section was given from memory: 


Average record of wells of Norfolk County Water Co., Waterway. 














: Thickness | Depth 
Material (Feet ) (Reet) 
SOR | ores sts: a asaya ol tS Pak Sh RR en Rd ee ce | 1 1 
Fine “yellowish sand 24,6 ./0205 Sey oe, ee tare Oe ae | 3% 4%, 
Yellow and brownish coarser sand with some gravel......... 10 14% 
Tine whitessand ic G05 6 a. 05) So pert enna cates sie ee 2%, 17 
Mediumcoarse light: yellow sand) 01” 3, v=.) <2. «se ee 16 33 
Fine bluish sand with shells, sticky bluish mud below........ 17 50 


Before locating its pumping plant, the company tested several tracts of 
Jand north and east of Norfolk, driving possibly 30 wells in all. The 
present site was selected because of the yield and quality of the water 
obtainable. An analysis in table 7 shows, according to the company, the 
average quality of the ground water in the vicinity of its wells. 

The pumping plant of the Norfolk City Waterworks is a little more 
than a mile southeast of the Norfolk County plant. The supply is from 
shallow ponds, connected by canals. ‘These canals in places went through 
shell beds lying apparently from 5 to 10 feet below water level. At the 
pumping station is a deep, artesian well, described on page 110. 

At Virginia Beach, which has a population of possibly 5,000 during the 
height of the bathing season, several attempts to get artesian water have 
been made. One in 1890 found no water that would rise 10 feet above sea 
level though the well went down 350 feet. Another well driven some years 
later at the Princess Anne Hotel obtamed water of fair quality at 90 feet. 
This water did not rise to surface, but to about sea level. In 1906, supplies 
at the Beach were obtained from shallow wells driven 5 to about 30 feet, 
estimates of maximum depth varying considerably. The first water is 
found in sands below buff or yellow clay. The following record was given 
as a fair average of the materials penetrated: 
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Well at Virgina Beach. 
(Authority, J. L. Walker.) 











F ‘Thickness | Depth 
Material | (Feet ) (Feet) 
—————————— | 
a ey TE ORS ORE ss eae oad ie EN cit ae Eo oh ww EMMA be pds l | 1 
Vellowishiandweddish clay 2/0.) ). Vegeta. ?. Jee. 10 | 11 
White sand and blue clay in alternating strata, 2 to 4 feet thick | 16 27 


Most of the wells have hand pumps, some have wind pumps, and .a few 
steam or gasoline pumps. 

Some wells yield soft and some yield hard water. Many, near the 
ocean, yield slightly brackish water. At nearly all wells the water con- 
tains some iron, at a few it contains little. Cistern water is largely used 
for drinking. A field assay of a sample from what was said to be one of 
the best wells on the beach appears in table 7 

At Cape Henry driven wells, 10 to 20 feet deep, and cisterns are used. 
Some of the wells yield soft water, but at most the water is highly colored 
and at some brackish. Along the ocean beach from a few miles south of 
Virginia Beach to the North Carolina line there is no good well water. 
Between Lynnhaven and Broad bays clear, soft water is reported at 15 to 
25 feet, in sand below red clay and sandy surface soil. Dug and driven 
wells at other points obtain supples that vary in quality from place to 
place. Some conditions reported are here recorded : 


Detatls of wells in Princess Anne County. 

















Depth of | abs 
Location | ‘well Water bed Quality ‘ ve 
(Feet) | water 
— Seen | ~ — 
Domne vara Cos ew Bites esi 12-15 | Sand | Good 
LOL DEED We atin Pe Bie vik ie Yeh odin, ts | 25 | Sand _ Jrony 
SAECRBONOG IGN Meese ee Se ere alsa ds 5 | 8-30 Sand Shallow, soft; 
deep, hard and 
| irony. 
TONG Brie Ger ALN FY pa 10-20 Sand Shallow, irony; 
. | deep, good. 
SURG U VOTE pete PRRs date 68s e 8 2 10-18 Sand Soft, hard, irony 
REGS Maes, LU Ate ae Aa nS ee 10-15 |Shallow, clay and|Shallow, good or 
sand; deep, mud.; brackish; deep, 
hard and irony. 
DTTRNTO ON seen rats ere A ered Ae | 10-15 Sand Good 
SipWidi tec rcs Sab cite He pavties PU SO i ha ad cased elie bye oye ibys | Slightly brackish 





Conclusions.—Enough driven and drilled wells have been sunk in 
Princess Anne County to show average prospects. Excellent water can be 
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had near the surface at many points, at other points cistern water or water 
from ponds or lakes will be found more satisfactory. More attention 
should be given the location of shallow wells, and the indiscriminate driv- 
ing of wells 10 to 20 feet deep in the immediate vicinity of privies and 
cesspools should not be tolerated. Deep drilling in the hope of finding 
potable water from the basal Chesapeake (Calvert), Pamunkey, Upper 
Cretaceous, or Potomac sands is inadvisable; in fact, will in all probability 
prove a waste of effort. 

At Virginia Beach the possibility of getting water of satisfactory 
quality from driven wells in vacant land away from tidal inlets had re- 
ceived little attention: up to 1906. ‘The supply of the town must come 
either from such shallow wells or from ponds. 

An adequate supply for the municipal waterworks of Norfolk can be 
more easily and cheaply obtained from streams than from wells. 


PRINCE WILLIAM COUNTY. 


(reneral description.—Prince William County, formed in 1730, lies on 
the west side of Potomac River above the big bend. Only a small part of 
its area, a strip along the river containing about 80 square miles, lics within 
the Coastal Plain province. 

Lying on the slope from the Piedmont Plain to Potomae River, with 
differences of altitude of over 300 feet, the Coastal Plain area has been 
deeply eroded and the topography is rough and broken. Except for a few 
strips on the lower terraces near the river there jis iittle level ground. 
Patches of the Lafayette terrace back of Quantico are 300 feet above sea 
level, but intermediate terraces are traceable with lifficulty. The drainage 
in the Coastal Plain section is in creeks tribntary to Potomac River, of 
which Occoquan Creek, which forms the northern boundary of the county, 
is the most important. | 


Geology.—Overlying the crystalline ved rock, which is exposed along 
the upper courses of the creeks, are the gray arkosic sands and sandstones, 
and drab and brown clays of the Patuxent formation of the Potomac group 
(Lower Cretaceous). Except for small scattered patches the Pamunkey 
(Eocene) greensands and clays have been removed by erosion, and the 
Chesapeake (Miocene) beds have been entirely removed. The cobble beds, 
sands, and bright-colored loams of the Columbia formations, and the 
Lafayette, hide the Potomac beds in many places. 
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UNDERGROUND WATERS. 


The Patuxent formation, as shown by deep wells near the river, con- 
tains water-bearing sands that vary in thickness, lateral extent, and yield 
to wells. At most places one or more sands yield good water freely. 
Ground waters reached by dug, bored, or driven wells, lie in Columbia, 
Lafayette, or Potomac sands, at varying depths according to the location 
of the wells. As a rule the water is soft. 

Springs are numerous. Little use is made of most of them and none 
are now of commercial importance. One, that of J. R. King, a mile north 
of Dumfries, was a resort of some note 50 years ago. 


LOCAL SUPPLIES. 


Artesian wells have been sunk at Myron (Cherry Hill), Quantico, and 
at a point 5 miles north of Quantico. The following record of the well at 
Myron was obtained from N. H. Darton. 


Record of well at Cherry Hull. 
(Authority, W. C. Miller, driller.) 


Thickness Depth 











Material (Feet ) (Feet) 
Ug LN el 0 occ cti an chGA Wh Log a ee a 2 2 
SUMO CANe! ~ Otay te uM ls Ae te and 4 a AT eo ny ee woe 5 | 41 43 
PEELE GIGS GOOLE DRC atti. on oleae se ioe Se ea Arg a ae aes Se coer a ee 47 | 90 
Welowesand and cravelhwithwateriins tacwiois sora eek eee | 22 Lopek le 
Cee COL ae were eat tetra t Ds eked in 210.3 .e malta de sje hide « | 15 127 
Venow sand and oravel, some Water 96h. 2c aqeaus She ele 6 133 
Blue clay mixed with sand, some water ......./........6..0.5- | 8 acre] 
Ra remem LOW DC) A vate cs Neue eh ot sic aA Seek Wt on hdd a also aca 16 157 
PO OSB IE LL Ri eS ae eS See ae ger 8 | 165 
EGR DOCOL OMe tPA nea! cos Fub ie eRe Wile Vesa diflar ek wi'e end Be vie oe 8 2 pe Gh 
MTree enV ee VEE AL OTew. le SS 8 Reais ait Staind be atea nubian ahelgeuna Welle e, scale 18 | 185 
Blue clay,omixed wath alittle sand ..2.. 0.6... 02%. Sa eat. 53 238 
Coarse sand with gravel, plenty of water................... 14 252 
Blue clay and sand with rock (7?) at 257 feet .............. 5 257 


The well yielded 50 to 60 gallons per minute during an 8-hour pump- 
ing test. 

The water is soft and slightly iron-bearing, a yield by pumping of about 
320 gallons per minute through a 4-inch pipe is reported. 

The well at Quantico is 210 feet deep. Darton“ has published this 
record: 


oo 





CDETLON, ONE Ope cit. h806,cp.. 1773 
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Record of well at Quantico. 


Material 








"White 'elay 0. Su i Be aa) 
Ringe, gravel. 95 be.\sce8 hie paw: -ltlaky Sago ees tame ake tees oh eae 
Red Clay 6552.5) 5 eyeviews ors ig a asin sae I ie lel apace nd fe ce 
Fine ‘red ‘sand 0.) Sh tide le Sec Shee aentite B aee m 
Very: hard: blue claytns ee ieecg oe ov ae on ee ae 
Pine, BOI 525550 poten do be eg Se Rae eee a 
Dark clay... oS Le} Oe. GI a ee a 
Coarse. dark sand. pies a) ate Shaheed af ae eae ole ens 
Light:colored GLY 0.5). 22's cep ee pice, Cg a ee et 
Very coarse sand and waters. Plein. oP kia ee eee a eee ee 





Thickness | Depth 
(Feet) (Feet) 


22 
6 
25 
5 
28 
3 
35 
3 
78 
5 








22 
28 
53 
58 
86 
89 
124 
127 
205 
210 


This well, 4.inches in diameter, flowed 30 gallons per minute at 10 feet 
The water is used 


above the river. The head is said to have been 22 feet. 
by a number of famihes in the village. 


The well 5 miles north of Quantico was sunk for the projected town of 
Barrow, and is little used. Water was struck in a bed of sand, or sand- 
stone, at 143 feet. The following record has been published :* 


Record of well at Barrow. 














, Thickness | Depth 

Material (Feet ) (Feet) 
Clay.and imag ysis hte ta ha ee ee ee re | 10 10 
Gravel ro aD SR ee ae ie Eee A eo | 10 20 
Clay! feck cise CR een Mae Pee et te oe san eon ee 10 30 
Samdetone ios os Hikseniin te alc eb ards ea ml aia dom ees Rae ee els ee 14 44 
Coarse “sandstone, water-bearing 2) 2/ohea.. Gn. «oa eee 1 45 
Santhetone ks bd ews Oe epee ot aes ee a ee os | ie at | 
Blutah sandy Clay. 5 oka cen s Boy x See) ea i ek cee 1 58 
Brown clay’ of. li het aa are cee tne ee an nee re eee ee ane 15 73 
Bluish: sandy clay: and. fine: sand 4-299 2.30 ares eee ee 40 113 
Sandstone, large: supply of waters. 07. gmon os ewer ia eee oe | 30 143 
Yellow clay se Pune s & on a Pian RF © 5 Sue Ste te eae 4 147 
Sand ‘with pebbles) i2..0...6 «2).44) Gasgios cles a et is 160 
Yellow clay aise 3 cetig iss 0) eine o>, 8 aE ae eee 5 165 
Brown clay ws PG ae ae ae ee ee ee 30 195 





Some reported depths of dug wells and the supphes obtained are as 


follows: 


Details of dug wells in Prince William County. 








Quality of 


water 








Depth of 
Loeation wells Water bed 
(Feet ) 
Agnewville AA EIA SS Pred ites: 25-65 Gravel We 


clay 
Nea bs00 35. i ees a ee ee 20-30 Sand 


aDarton, N. H., Op. cit., 1896, p. 177. 





| 


Soft 


: | Soft to irony 
Dumiries? 3) 27.0. tee ae 20-80 |Shallow, iron) Soft, hard, irony 
erusts; deep, 
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RICHMOND COUNTY. 


General description—Richmond County, formed in 1692 from old 
Rappahannock County, is in the Northern Neck, the peninsula between 
Potomac and Rappahannock rivers. ‘The more important creeks, Monatico 
and ‘lotuskey, drain into the Rappahannock. The topography resembles 
that of many counties north of James River. ‘The creeks head in sharply 
cut valleys and are tidal and bordered with salt marshes along their lower 
courses. ‘The maximum altitude of the Sunderland plain is about 150 
feet, near Farmers Fork, and 100 feet near Downings. 


Geology.—The loams of the Columbia formations are exposed in many 
road cuts. The dark, clayey sands of the St. Mary’s formation of the 
Chesapeake group (Miocene) outcrop at numerous points:along Rappa- 
hannock River and its tributary creeks. Pamunkey (Hocene) beds are 
not exposed, the base of the Chesapeake lying about 50 feet below tide in 
the northwestern corner of the county, and 300 feet below near Simonson 
in the southeastern part. Upper Cretaceous beds probably underlie the 
Pamunkey and are in turn underlain by Potomac. ‘The bottom of the 
Pamunkey is probably 300 feet below tide at Carter’s Wharf, and 450 feet 
below at Simonson. Bed rock hes fully 1,000 feet deep. 


UNDERGROUND WATERS. 


Distribution and quality.—The sands of the Columbia formations and 
the highest Chesapeake beds contain ground water that varies in quality 
from soft and clear to hard and irony. Near the middle of the Chesapeake 
in the Choptank formation and toward its base in the Calvert formation 
are coarse sands that yield artesian water. Other sands he in the Nan- 
jemoy formation of the Pamunkey. Heads vary from 20 to 35 feet above 
tide.. Chesapeake and Pamunkey waters are soft and limpid, but the 
former have as a rule a slight odor of sulphur. The Chesapeake waters, as 
in Essex County across the Rappahannock, are less alkaline and contain 
more lime than farther east. At a number of places the substitution of 
artesian for shallow well water is said to have resulted in a marked im- 
provement of the public health. 

Springs.—Richmond County abounds in springs, but little use is made 
of them, except by stock. The springs are of small volume, seeps rather 
than bold flows, relatively few exceeding 5 gallons per minute. One owned 
by A. J. Snyder, near Blantyre, flows about 5 gallons per minute of soft 
water from iron crusts at the base of the Sunderland formation. There 
is no spring in the county from which shipments of water are reported, or 
is a resort. | 

Wells—Dug wells are almost the sole source of supply on high ground. 
Many are cased with wood from top to bottom. At some of the old churches 
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and at old manor houses are bricked wells. Many of the shallow wells fail 
in prolonged droughts. Along Rappahannock River and tributary creeks 
are a considerable number of drilled wells, practically all of small diameter. 
The contract price for sinking about 275 feet ranges from $50 to $75. 
The actual labor cost of sinking, if everything goes nicely and no hard 
beds or “rocks” are encountered, may be $25. 


LOCAL SUPPLIES. 


At Warsaw, on the Sunderland plain, water is obtained from dug wells 
35 to 50 feet deep, of which there are about 30. The following is an 
average section of the beds penetrated : 


General section at Warsaw. 

















‘ Thickness Depth 
Material (Feet ) (Feet) 
a ~ | —_ 

Son ees a he ae ae soe eee ee 5 5 
Red Clay sip wae Sie iv crete pa bene eat a hf | 22 
White’ sand: i.e: 2k. ce NES ee eee ee 14 36 
Red ;sand and clays oS 08 3 tie to 20) as ately: abl eed ee ee 3 | 39 
Roek, ‘Iron: rusts... . f..s: Sede ben bie ales tee ee eee | a | 4] 


Fullers: earth, dark’ bite glay Otc: Zieh © viet. ces Beer 


The white sand bed halfway down gives much trouble to wells cased 
with plank in the usual way. ‘The average life of the plank, as it is above 
water level, is but 6 or 7 years, and replacing the casing when decayed is 
more or less troublesome. 

Along Rappahannock River not less than 50 artesian wells have been 
driven, there being at least 17 at Sharp’s Wharf alone. Depths vary from 
165 to 366 feet, but most of the wells draw on sands in the Calvert forma- 
tion 160 to 300 feet below tide. Summarized information is given in 
table 5. 

The following record of a well at Naylor’s Wharf is given by Darton®: 


Record of 366-foot well at Naylor’s Wharf. 














: Thickness | Depth 

Material (Feet) (Reet) 
Surface: deposits $ybx jil/s jase eek eae es Ge ele Ve i eee ren 20 | 20 
Fullers: earth ic oe ee ar ee ne ae eT ae | 100 | 120 
Mari 3 oo 2. fe boy be oe Oe Oe ts Se ee re eet 15 | 185 
Rock strata, 1 to 15 feet apart, containing water............ | 20 | 155 
Black i@and.* i435 o> oe othr elienitets ites, ha ae eaten een atareea, ee | 15 lee 170 
Blue. fullers” earth ° 7... ss so oho eet ae Pee ee ee 90 i 260 
Dark’ orange-colored loam sui Rin ae eh. ee. Tee ee es 15 275 
Black sand, full of water, which rises to 35 feet above tide.... 50 325 

Blue fullers earth, underlain by a soft rock layer, with water| 

that, rises.to 45 feet above’ tide. s6.-61-- a eee ee Fe 60 L £385 


aDarton,' N.'H., Op. cit., p. 175. 
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This well is used for domestic supply and by a canning factory. The 
quality of the water, which rose from a black sand in the Aquia formation, 
is shown by the field assay in table 9. 

At Sharp’s Wharf, one of the most important oyster-shipping points on 
Rappahannock River, most of the flowing wells go about 240 feet below 
tide and get water in the Calvert formation, from the same sand beds that 
are tapped by the wells at Bowler’s Wharf on the opposite shore of the 
Rappahannock. <A few go 360 feet to the Nanjemoy, and at least one 
reaches an Upper Cretaceous (?) sand at 440 feet. The head of the 240- 
foot wells was originally 24 feet, that of the 320-foot wells is about 30 feet 
above tide. ‘he water is used for removing the mud from oysters as they 
are brought from the beds, and for washing shucked oysters. The flows 
are also utilized to keep oysters from freezing in winter, a pile of several 
hundred bushels being kept through the sharpest frosts without injury by 
allowing the water, which has a temperature of 63° F., to flow over them. 

At one of the wells near Wellford’s Wharf, which draws on Choptank 
sands, the following beds were penetrated : 


Record of 165-foot well of Frank Garland at Wellford’s Wharf. 


(Authority, Frank Garland, owner.) 


Thickness | Depth 

















Material (Feet) | (Feet) 
eae TCL ef LI RO CLNRR AR 5 oc clan 1g MAEM D baila legless se ager To 5 | 5 
PEPEIT. CLAMPED CARS LE hig A RR alee ile GN ce aa Se a Fn 2 8 ae cee 30 | 35 
TORUS STE ky psa 00s eA ae ae Sa Fs, rg at a a | 50 85 
ee TLAUREOPAL CHM A ts occ. She Sh ukemi’ s ad @ Ss ee No | 55 140 
Sand and rock, with hard rock stratum at 163% feet; water | 
SPR Ue MATOCiraclUM iG etCct Le tine cl eet Ore er rote fe eke 25 | 165 


This well, at an elevation of 6 feet, flows 24 gallons per minute. The 
head is about 22 feet above mean high tide, and is a foot lower at ebb than 
at flood tide. 

Near Whealton are several wells that tap deeper sands in the Calvert 
formation. 

Near the bridge across Totuskey Creek east of Warsaw, several flowing 
wells draw on Calvert sands at about 180 feet. The water is used for 
domestic purposes, in saw-mill boilers, and at a canning factory. It is 
called a fairly satisfactory boiler water though having a tendency to foam. 
Field assays are given in table 8. 

The following record of a well higher up Totuskey Creek is of interest 
from the occurrence of a sand yielding artesian water at a depth of only 
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65 feet. This sand, which was found also in a dug well, is probably of 
limited extent. 


Record of well of W. EF. Garland,.near head of Totuskey Creek, 5 miles 


east of Warsaw. 








| Thickness , Depth 














Material (Feet) (Feet ) 
Surface” wash 32%. Boe Lose es are a ee ee ee 8 8 
Bloe marl, watersat G5 Teet 5% ala fas enon soe nee ee 157 165 
Role een ce ele Seid cw bie Seay ak ne ne Pee Sr net al mes 2 167 
Blue: diay Se See ee ae ag ca) St ae 17 184 
Roel’. .xs:.i0s itech ote ce 4h Pea ee te eo 5 Maite baler oe 3 187 
Sand (composed of medium quartz grains with much dark | 188 
green to black glauconite) ; water, head at '30' feet. Shee? ] 


The flow is 16 gallons per minute through a 11%4-inch pipe at 8 feet 
above river. ‘This well was put down by the owner in less than a day. ‘The 
water is used for household purposes. ‘The overflow, received in a cement 
basin protected by a small building, prevents viands from freezing in 
winter and keeps them cool in summer. 

Data collected at various places in the county regarding dug wells are 
given below: 

Details of dug wells in Richmond County. 











| Depth of , She 
Location well | Water bed boty of 

| (Feet) | | Water 
Blantytes o.\.sseme ie Seen be Ok 20-50 Clay or sand Hard 
Carters; Whart: v.03) cack ee 16-50 Loam and sand | Soft: 
Downisge (So isen ue ok eee 2 B68 thi Sods iy mace Aree Pr. a 
Farmers 2Fotkien: eee LOO mm be see ieee ee | Good 
FAY DART ee iar 8 tere Se et rade earns os ' Sand or clay Soft to hard 
Haynesville), 52S iiss et oe Bl Gee sie e Shallow, soft; 

| : deep, hard. 
IVONUSIG: 3 nt so oh Ce a ee eee re a ae ep es es Shallow, hard to 

| soft; deep, hard. 
Newland: aic/ .2/-' weiss eaetottes |e LBS Clay | Soft 
SORT [16 eee s.c' voce ai ee aes | 18-20 | Clay and sand | Hard 

| Sand Soft 


Wellfordoct a ee vos eo ee 15-22 


Conclusions.—Water that is perfectly healthful, so far as freedom from 
(isease germs is concerned, can be had by dug or bored wells less than 50 
feet deep at many points in the county, provided the wells are not located 
near sources of pollution, and are properly cased or lined, preferably with 
tile. Soft, iron-free, artesian waters can be had anywhere, but pumping will 
be necessary at places more than 20 to 35 feet above sea level. 
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At Warsaw, elevation 105 feet, good supplies can be had by sinking a 
6-inch well to the Calvert sands about 300 feet below the level of the Court- 
house. ‘There is also a possibility of obtaining water in the sands at 225 
feet down. From neither of these sands will the water rise to 50 feet of 
surface. 


SOUTHAMPTON COUNTY. 


General description.—Southampton County, formed in 1784 from Isle 
of Wight, hes between Sussex County and the North Carolina line, its 
north end being 30 miles southeast of Richmond. 

The county has a rolling surface. It is traversed by Blackwater and 
Nottoway rivers, which unite to form the Chowan at the southeast corner 
of the county, and is bounded on the southwest by Meherrin River. ‘These 
streams flow through rather open valleys and meander across low terrace 
plains, and their tributaries are called swamps. A large part of the sur- 
face is included in the Sunderland and Wicomico terraces. Later 
Columbia terraces can be traced along the river valleys, but their total 
extent is undetermined. The maximum elevation of the highest terrace 
is about 110 feet near Joyner, Ivor, in the northern part of the county, 
has an elevation of about 90 feet. The highest ground in the vicinity of 
Franklin is 84 feet above sea level. In the valleys of Meherrin, Nottoway, 
and Blackwater rivers in the southern part of the county, a low Columbia 
terrace, with an elevation of 20 to 25 feet above tide water, covers large 
areas. ‘The extent of the low terraces, those less than 40 feet above tide, 
is an important question since it is along them that flowing wells are to 
be had. | 

(reology.—The sandy loams of the Columbia formations hide the older 
deposits over nearly all the county, the Chesapeake (Miocene) sands and 
marls being exposed here and there on valley slopes. ‘The base of the 
Chesapeake is about 20 feet above sea level in the west end of the county 
and 120 feet below near Franklin, evidently dipping eastward about 414 
feet per mile. The Chesapeake thins to feather edges at the west, but 1s 
200 feet thick on high ground in the northeast end of the county. ‘The 
Pamunkey (Eocene), Potomac (Lower Cretaceous), and Upper Creta- 
ceous beds underlie the Chesapeake group under part of the county, but 
toward the southwest the Pamunkey beds thin out and disappear and the 
Chesapeake rests directly on the Potomac. Even at Franklin there is no 
positive evidence that the Pamunkey is present. At [Hmporia, in Greenes- 
ville County, 2 miles west of the west corner of Southampton County, 
crystalline bed rock comes above sea level, so that the thickness of the 
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Potomac and Upper Cretaceous beds in Southampton County varies from 
almost a feather edge to possibly 900 feet at Franklin. 


UNDERGROUND WATERS. 


Distribution and quality—The Columbia sands carry plenty of water, 
which at many places is hard; in low ground the shallow water is not con- 
sidered healthful. The depths to the water table vary with differences in 
topography, but in general water lies not more than 20 feet below surface. 
In the southern, eastern, northern, and western parts of the county 
artesian waters under heads of 25 to 50 feet above tide are found, in the 
sands of the Potomac group or of the Upper Cretaceous; well drillers say 
the sands at Arringdale, Hugo, Branchville, Boykins, Delaware, Courtland, 
and Franklin are white and contain much mica, and more or less lignite, 
called “wood” or “coal.” In places the sands are apparently arkosic. As 
no fossils have been saved from bore holes, the exact age of the sands is in 
doubt. Similar sands are reported at Margaretsville, on Meherrin River in 
North Carolina. The artesian waters show considerable differences. In 
general they are soft and alkaline and well adapted to household use, but 
at some places they contain iron and have a distinct sulphur odor. 

Springs.—While there are in the aggregate many springs along the 
creeks of Southampton County, most of them issue as seeps rather than 
strong flows, and in some sections of the county springs are relatively scarce. 
A few are used for household supply but none are of commercial importance. 

Wells.—Southampton County probably contains more drilled wells than 
any other county of Tidewater Virginia except King William. ‘The total 
number may exceed 300. Nearly all are 144 or 2 inches in diameter. 
Depths range from 75 to 344 feet, and costs from 25 to 50 cents per foot. 
On the higher ground dug wells are the main source of supply for farms 
and villages. The usual price for digging is $5 for 30 feet. There are some 
bored wells and many driven wells in the county. 


LOCAL SUPPLIES. 


At Branchville are about 17 wells that develop a water-bearing sand in 
Potomac or Upper Cretaceous beds. The depths range from 130 to 250 
feet and the heads are 45 to 50 feet above sea level, the level of the railroad 
station being taken as 46 feet. ‘The flows are from 1 to 8 gallons per 
minute. As many as four flows have been found by one well. 

The following general section at Branchville is reported by R. G. Ellis & 
Son, well drillers. 
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General section at Branchville. 


Thickness | Depth 














Material (Feet) | (Feet) 

RAMI COC SOT nit BANC CIA Ving, Suis ig Bea Ege need 6 Se ges eel CPs 10 10 
eer tre Melee Te WHLEY OS oy aor. ots ae erg Meds ate Se eke we Tr 21 
iE GU TU Cle © le oss Le A ak es cs ce os 13 | 24 
Pe IRE EO TUIIGHGIIS: gic ic:c 5. ae ed ee eid Pa a ee nee yes 17 4] 
SATIN Que OM aT era £ Mle Tah Pa age ree hl fa east a an 9 | 50 
Pets titlaWhleG clay, With Sand: layers... sani. 7, ate ee. oe tess 60 etl 
White sand, contains mica and lignite and at some wells ” 

DUCA OL eWALGE DEALING 2... tlre a ie wee, Se re dine w eral oe 45 | 155 


Other water-bearing sands lie below, separated by clayey beds. ‘The well 
of T. J. Harrell found flows at 90, 110, 160, and 207 feet. 

The artesian water is of good quality, although having a faint sulphur 
odor and being slightly iron-bearing at some wells. 

At Boykins, 3 miles east of Branchville, about 25 wells, mostly for house- 
hold supply, have been driven to Upper Cretaceous or Potomac beds, the 
succession of surface soil, clay, sand, blue mud, marl, reddish clay, and sand 
being much the same as at Branchville. The wells range in depth from 
85 to 130 feet. The water is soft, but at some wells carries a little iron and 
is sulphur-bearing. An idea of its mineralization may be had from the 
field assays in table 8. 

Near Arringdale are several small diameter wells that get flows from 
white micaceous sands below clay and marl. The wells go 70 to 75 feet 
below the surface of a swamp, elevation about 70 feet. They are used for 
household supply and for stock. 

The Tidewater Railway Co. (Virginian Railway) has at Sebrel the 
largest and deepest well reported in the county. It is 10 inches in diameter 
and goes down 344 feet. It probably draws on Potomac sands. ‘The fol- 
lowing record was kept by the driller: 


Record of well of Tidewater Railway Co., Sebrel. 


(Authority, Tidewater Railway Co., owner.) 


Thickness , Depth 





EMG ED (Feet) (Feet) 
ae Mia Aa Toon adele ih Ak Ah a ae ne eer eae eo eee rica ae 10 10 
MlaVe ATC. SANCUpwetn, Ve. fee .fy. cos tl ~ © ckyrye clo eng ae eres gat 20 30 
Perea Len tl meter eG oe Sit. Ae, Rent ale Rha ttn or he 21 51 
PLETE TLC ELIA 2 eras cain at Bis or oat ote emt ene le Peisdl gees 10 61 
Pe Pipe TIMUR et Ree etre wi Ssh a aes se ev». sia ola. » ARAL PY ane ahaa 6g Si 51 112 
SAG ONL TEL OMe eee hI N ergn so. o\aly wdc min pga ee ee ote Slee ya 10 122 
DSLeCLey time epee in ct-abslr «2s colts Mag emake Pecans aes 32 154 


aan CLA Vat 8 clericd 202-36) pivel< nda BBG gle AA SSM cyte phe + 13 167 
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Record of well of Tidewater Railway Co., Sebrel—(Continued). 





Thickness Depth 








Material (Feet) (Feet) 

Blue CRY ec mw bo Re awk ea a ag a 8 las 
Fine yellow sandy: Ws Nini goa w 0k Cu elgeetinn saat transac hee eee 11 -186 
Blue clay and ‘sand icc cs. neo eae tee etme og Gee nein Se 5 191 
Coarse sand and oravel; Water, so. -. 3 ess se oe se riers 2] 201 
Hard ‘blue olay Ss Fs Ae Reeh ocn ene gute ae cares eae on ia 4 206 
Dark; mucky? clay’. <* satehis Ankatew eae ys ee a 18 224 
Blue? elay oo it 2 a oe a ee ea, LE eee 12 236 
Softizucky blue clay sys adele tn oe oe, oe ee ee ee ee 53 289 
BG CUB Ys i, snapncaaid o)asc dans bpcatipvme’ stadt Aaa ete De ene a 53 342 
White sand and water-worn gravel with pebbles the size of a 

small‘ eggs prater-bearing :. . 5.) eee ea 4 as eee ee ee? 342 


The water level of this well when completed was 21 feet below surface, 
elevation 55 feet. For a test the well was pumped steadily 1814 hours at 
the rate of 106. gallons per minute. This lowered the water to 48 feet 
below surface, but after pumping ceased the water rose gradually to within 
15 feet of surface. The well was drilled for locomotive supply. The water 
contains sodium bicarbonate, as indicated by the analysis in table 7d, and 
has a tendency to foam. The water at 191 to 202 feet rose to 30 feet of 
surface. 

At Ivor on high ground, 4 miles west of Zuni, the Shaw Lumber Co. 
sunk a deep well to procure supplies to supplement those obtainable from 
dug wells. It draws on Upper Cretaceous or Potomac sands. The follow- 
ing log is reported : 


Record of well of Shaw Lumber Co., Ivor. 


(Authority, Shaw Lumber Co., owners.) 











» Thickness Depth 

Material (Feet) (Feet) 
Harth, marl," quicksand and: blie- mui. 0.0. gee ees > 106 | 106 
Bluesmudsand “clay occ | ote ake Pith Sale aig: cn ie en ee 89 by Oba 
Green :mud 4.34% We sss 4h be Vie Widlert Ue ie oo eee name sats 6 b 2k 
Black sand and gravel, with a small supply of water........ | 19 ; e2Ze 
White‘ sand and small graveli<). oct... 500s ao ee ee Le | 237 
White-sand with layers of blue:mud ios). 7 55.22 we law oie 19 + 256 
Water-beating sand”? i5... ts ee ee eee ak 31 287 


The water from the bottom rises to 35 feet of the surface; the yield 
by air-hft is 55 to 60 gallons per minute. The 6-inch casing is finished 
with a No. 6 Cook strainer, 20 feet 6 inches long. 

At Courtland are many flowing wells, possibly 75. 'T. J. Moore, of 
Storeys, reports having put down more than 50. Yields average about 10 
gallons through a 2-inch pipe at surface, but vary from 1 to 50 gallons, 


wo 
~2 
oar 


SOUTHAMPTON COUNTY. 


depths and yield depending partly on the elevation of the well. Where 
wells are thick, yields and heads have been reduced by interference, those 
on low ground draining those on higher ground. ‘The original head was 
about 27 feet above sea level, and on the high ground, elevation about 30 
feet above the Nottoway River, wells have to be pumped. The following 
general record is reported by Mr. Moore: 


General section at Courtland. 





Thickness | Depth 














Material (Feet ) (Feet ) 
Soli meiayveana nana s+ water at: GO Teeti,. sis eect vate. Soe ies ss 13 13 
SUTRA CUM ee canta <5 clin. ote ye Pha eae MM CEES cian ngs 0 # aS ie ay 23 36 
CETUS ONT © DAY COT Gh Ge ronan EE ec Ook. ee oe 60 96 
POLLO War TONGUE Ve irs (eat ein) a sg css ce ee re oi wes 24 120 
White micaceous sand with “wood,” water-bearing, water rising) 

Br ana LE 5. 55 ss we a eral 6 Sey 2 122 
SOLE gf ne AE i eso en ee eo 8 130 
White micaceous sand with ‘wood’; water at 130 feet rising 

PeEtCGls ABOMEMEULIT ECON. \ o's. 140, Wine ee ee asks xe as aes 15 145 


A 2-inch well at the level of the main street, about 20 feet above Notto- 
way River, flows 25 gallons per minute. The artesian water is of excellent 
quality for household use, containing very little iron and having no sulphur 
odor. In a boiler it foams. Results of a field assay appear in table 8. 

At Franklin a large number of wells have been put down, perhaps 150. 
Depths average 130 feet, but vary since surface elevations in the town 
range from 10 to 35 feet above river level. ‘he water comes from higher 
sands than those tapped by the Courtland wells, and are presumably of 
Upper Cretaceous age. ‘The following succession is reported by T. J. 
Moore: 

General section at Franklin. 


|Thickness | Depth 





Material (Feet) | (Feet ) 
PIM LS VRAIS GAT. c biilt Sail bas pic'y = Xisbei et ho she te mamta aba a, A ons 2 15 | 15 
eT mT E CTC eM eae OPG fee <8, -. . s Stoas, ie etree ete al aces tyres aeonthe 20 | 35 
ec IOATe wane enned tte), 255 BSS Yeti been Bs Mek va | 40 | 75 
PALM LPO e. ClO Vike tacit epee tal Fis) es wis.) 5/4, «Sein, eth niw Graletesy codes Clee oly Hreke 25 eye OO 
Hardpan or marl rock; drilled 14 inches in 3 days.......... | 1 aay 
Dark clays ike-blue- mud above v iA eke ese ee es | 30 i S181 
ElAFayale Wrenner rOCK estes: x5 4. jai SE Stee ie aaa te a eae % | 13% 
COLA BATTS IES" 10a 1) OUP 0 ares ar A Se re 8% | 140 
Pied pan ORs hi ear std fis /s7\ ayant 8 ee Be eh oe Dep se % 140% 


White micaceous sand, with “chunks of wood,” water-bearing 241, 165 
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The average flow of 2-inch wells at the level of the main street, 20 feet 
above high tide in Blackwater River, is 4 gallons per minute. On “the 
ridge,” the higher ground in town, elevation over 34 feet, the wells have to 
be pumped, as the water will not rise over 26 feet above high tide. 

Flowing wells have also been drilled on Meherrin River west of Branch- 
ville, at Hugo, and south of Boykins, on Nottoway River several miles 
north and south of Courtland, and on Blackwater River as far north as 
Zuni, though no wells are reported on the Blackwater between Zuni and 5 
miles from Franklin; south of Franklin deep wells are reported for 5 
miles. 7 

The following statement summarizes the information collected regard- 
ing dug wells at various places in the county: | 


Details of dug wells in Southampton County. 


Depth of 














| 2 
Location well | Water bed Nama a 
(Feet) | water 
Ald yi eie hy Ralw) Onabedtetn ea: 15230100) ee eee Soft 
Assamoositk 4... 0.9 ey pk ok 6-60 (Loam, sand and Soft 
mari. 
COG ec ingen acters came se Rlece fia 15-20) Vn eee ee Fair to good 
Ivor hs Pei SIRE ORS Ev ar, CRC R ee 10-17 Blue clay Soft 
Ma ary e66i §:.55 sip soa Wenanee te 10-40) Wl gost, « aspasisles 4 Soft 
N@WSOIDE. eee: CoO oe Late es 10-30 s gnc 8 Ce ages Soft 
Sunbeam soe aet le. Cel. eee ss 1O—205) |") eee ene Soft, hard; deep, 
| irony. 
Unity 2. sea cree tle A eta ee ae 12-16 Sand and marl Soft to hard 
Worrelis (7b ee ISA Oe 22 Sand tid" Wee ees toa 


Conclustons.—Enough drilling has been done to indicate that flowing 
wells of good water can be had in this county on the low terraces along 
Blackwater River below McClelland, along Nottoway River below 10 miles 
north of Courtland, and along Meherrin River below 10 miles east of 
Emporia. Flows are not to be expected on the higher divides between the 
main rivers, but can be had up many tributaries for considerable distances. 
Where, as at Courtland or Franklin, heads have fallen and flows grown 
smaller by allowing wells to run without restraint more water can be had 
by going deeper. 

SPOTTSYLVANIA COUNTY. 


General description.—Spottsylvania County, formed in 1720 from 
Essex, King William, and King and Queen counties, lies between Rappa- 
hannock and North Anna rivers. Only a small part of the county near 
the eastern border is included in the Coastal Plain. The topography of 
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this portion of the county is as a whole hilly, but there are extensive level 
stretches 50 to 70 feet high along Rappahannock River, and also on the 
high Lafayette plain, which has an elevation of 250 feet south of 
Fredericksburg. 

In the valleys of the main streams west of Fredericksburg the crystal- 
line gneisses and granites are exposed. They are overlain by the arkosic ' 
gravels and sands of the Potomac (Lower Cretaceous) and further south 
by the sandy clays and sands of the Chesapeake (Miocene). Near Massa- 
ponax Creek, Pamunkey (Eocene) greensands weathered to reddish and 
buff tints separate the Potomac from the Chesapeake beds. The Columbia 
cobble beds, sands, and loams rest in places directly on bed rock, in places 
on Potomac, in places on Pamunkey, and in places on Chesapeake beds. 
The Potomac group has a maximum thickness of 300 feet in the extreme 
northeast corner of the county. The Pamunkey and Chesapeake are 
thinner. ‘The Chesapeake is everywhere above sea level, and only a small 
portion of the Pamunkey is below. 


UNDERGROUND WATERS. 


Distribution and quality.—The coarser beds of the Lafayette and the 
several Columbia formations are the most important reservoirs of ground 
water. The supplies generally are soft and slightly mineralized, but in 
places the water in the 60-foot terrace formation is decidedly iron-bearing. 
In the Pamunkey and Chesapeake sands the water varies from hard to soft. 
* Little is known of the Potomac sands below tide level. 


Springs.—Because of the water-bearing sands in the Lafayette and 
lower-lying terrace formations being uncovered along scarps, springs are 
numerous. Most of them are small, a few show bold flows and several in 
the vicinity of Fredericksburg have been long used by the public. ‘Two of 
these, known as the Mint and the Gunnery springs, are owned by the city. 
They have covered masonry basins which exclude trash and surface wash 
during storms. ach spring flows from the base of a terrace, and the 
terrace immediately back of each spring is rather densely populated. The 
water from neither spring can be regarded as safe from pollution, though 
the danger at the Gunnery spring is less than at the Mint spring. In 1906, 
the water from both springs was drunk by-a considerable number of people, 
particularly in the summer, because of its coolness and clearness. 

Another spring, known as the Silk Mill spring, issues from the base af 
the same terrace, near the river, in the northwest part of the city. It has 
been used more or less by people living in the vicinity, but an investigation 
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by the local Board of Health in 1905 indicated that the spring water was 
dangerous and should not be drunk unless boiled. 

Besides these springs, several near the base of the Lafayette scarp on 
the heights a mile west of the city are utilized for public service by the 
Aqueduct Water Co. The water is clear and soft. 

Wells._-Dug wells are the main source of supply. Depths vary greatly ; 
in hollows on the top of the high Lafayette terrace are wells less than 15 
feet deep, while near the edge of the terrace depths range up to 40 feet. 
Along lower slopes depths are from 20 to 30 feet. 

On the broad terrace plain along Rappahannock River southwest of 
Fredericksburg, wells are dug to depths of 10 to 15 feet. In Fredericks- 
burg is a number of dug wells 20 to 40 feet deep. Several near the river 
front, used for boiler supply, obtain rather hard water from Potomac beds. 

In 1906, there was but one deep well in the city of Fredericksburg, that 
owned by E. D. Cole. This well is 120 feet deep and yields water of low 
mineral content. Mr. Cole uses the water for household purposes and fur- 
nishes it for drinking to neighbors who desire water more refreshing and 
less liable to pollution than that from the turbid Rappahannock. An 
analysis furnished by the owner, but recalculated to standard form, appears 
in table 11. 

Fredericksburg is suppled with raw Rappahannock River water dis- 
tributed by the city waterworks. In addition a private corporation, the 
Fredericksburg Aqueduct Co., distributes the water from the springs on 
the heights back of the town to a limited number of subscribers. This ~ 
company is one of the oldest water companies in the United States giving 
an uninterrupted service, the springs having been developed as far back as 
1825. Water was distributed for many years through bored logs and lead 
pipes. With ordinary care in maintaining the pipes leading from the 
springs to the supply basin, and in protecting the latter, these springs can 
furnish a drinking water of satisfactory quality, so long as the terrace 
above them is sparsely inhabited; but the flow is so small that the use 
must be limited. 


Conclusions.—The gravels and sands, and even the non-clayey beds on 
the terraces along the river and on the divides, yield water in sufficient 
quantity for all the requirements of isolated dwellings and farm supply. 
Deep wells at and southeast of Fredericksburg will probably get good water 
from the Potomac beds. Flows can not be expected on the 60-foot terrace, 
though the water may rise above tide level. 
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STAFFORD COUNTY. 


General description.—Stafford County, formed in 1765 from West- 
moreland County, lies on the west bank of Potomac River north of Rappa- 
hannock River which forms its southern boundary. The Coastal Plain 
portion is a narrow strip along Potomac River. 

Valleys deeply cut by Potomac, Aquia, and other creeks emptying into 
Potomac River give a rugged topography with comparatively few stretches 
of level ground. The maximum elevation, a little over 250 feet, is on a 
patch of the Lafayette plain, northeast of Fredericksburg. There are some 
level stretches on a low Columbia terrace along Potomac River, with eleva- 
tions of 35 to 45 feet. Near the mouth of Aquia and Potomac creeks are 
cliffs 50 to 100 feet high. 

Geology.—The soil over most of the Coastal Plain portion of Stafford 
County is derived from the Potomac (Lower Cretaceous) clays, shales, 
sands, and gravels. In places the Pamunkey (Eocene) greensands, 
weathered yellow, orange, and red, form the surface material, the largest 
area of Pamunkey being in the extreme southeast corner of the county. 
In this same part of the county a thin sheet of the Chesapeake (Miocene) 
rests on the Pamunkey, the only occurrence of Chesapeake beds in Stafford. 
The Lafayette and Columbia cobble beds, sands, and loams, as a rule 
brightly colored, rest on Potomac, Pamunkey, and on Chesapeake beds. 
The maximum exposed thickness of the Potomac is about 250 feet, and its 
thickness in the southeast corner of the county may be 350 feet. Nearly 
all the Pamunkey beds lie above sea level and no Chesapeake beds extend 
below it. 

UNDERGROUND WATERS. 


Springs are numerous but few are of especial note. ‘They and dug 
wells are the sources of domestic supply. Depths to water and quality of 
water vary from place to place; in general the ground water is good. Hx- 
cellent water can be obtained, no doubt, from the Potomac beds, but no 
deep wells have been sunk to determine the depth to water-bearing sands 
or the quality of the water. Flows are not to be expected. 

Dug well conditions at a few points in the Coastal Plain portion of the 
county are summarized as follows: 


Details of dug wells in Stafford County. 














Depth of | : 
Location well Water bed > aaa of 
(Feet) | Bes 
PAPI e eee on 08 BRL seul hots, wiklipid Reco: 15-40 Sand and marl |Soft to slightly 
| hard. 
CCAS RVI Ae Sh cae a ele ae 15-30 | Sand Soft to hard 
PO eS Peg eee ee 20-50 | Sand Soft 
TUG? Deo: ie On Dae ee ee ee 20-100 Soft rock and sand Soft 
LAT OLUL ME ea vais «at a als os eet > 25-50 | Sand and rock | Soft and hard 


276 UNDERGROUND WATER RESOURCES OF COASTAL. PLAIN PROVINCE. 


SURRY COUNTY. 


General description.—Surry County, one of the original eight shires of 
Virginia, lies south of James River, in the western part of the Coastal 
Plain. Most of the surface of the county is included in the Sunderland 
plain and is rolling, with a gentle slope to the southeast. Near the northern 
edge of the county Chipoak, Grays, and other creeks flowing to James River 
have cut sharp valleys. As in Prince George County to the west, the south- 
ward flowing streams, such as Cypress Swamp, tributaries of Blackwater 
River, have open valleys. The divide is but a few miles back from James 
River. The Sunderland plain is, as a rule, below 100 feet high, its maxi- 
mum elevation near Ruffins and Spring Grove being 130 feet. Low ter- 
races occupy a very small part of the county. ‘They are most noticeable 
south of Hog Island. For considerable distances, the southern bank of the 
James is steep and high, and the river cuts directly into the Sunderland 
terrace, as at Claremont. 


Geology.—The Columbia (Pleistocene) formations cover most of the 
county. The Chesapeake (Miocene) group outcrops in the bluff at Clare- 
mont and is exposed in creek gullies. South of the divide the Chesapeake 
shell beds have been dug for marl in pits along tributaries of Blackwater 
River. ‘The maximum thickness of the Chesapeake group in the western 
corner of the county is probably 150 feet, its base lying 50 feet below 
tide. In the eastern part of the county near Hog Island the base of the 
formation may be 350 feet deep. ‘The Pamunkey does not outcrop within 
the county limits. Its base is about 350 feet below sea level at Claremont 
and 500 feet below at Homewood. The Potomac is over 500 feet thick and 
crystalline bed rock is fully 800 to 1,500 feet below sea level. 


UNDERGROUND WATERS. 


Distribution and quality—Surry County is well watered by its 
numerous creeks. The ground water in the Columbia beds is generally 
soft, but in places is of indifferent quality. Ground water in the Chesa- 
peake marls is at many places hard. Depths to water vary greatly. In the 
wide pocosons on the east side of the county the water rises to the surface 
after wet seasons, and is never more than 10 feet below it, while on high 
ground overlooking James River the water table may be 40 feet below the 
surface. 

Plenty of artesian water underlies Surry County in the Chesapeake, 
Pamunkey, and Potomac sands. Both the Chesapeake and Pamunkey 
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waters are soft and are more or less alkaline. No attempt to reach Potomac 
sands is reported, but it is altogether probable that they will yield plenty 
of water. 


Springs.—Surry County is abundantly favored with springs, nearly all 
the creeks and branches being spring fed. Many of the small springs and 
seeps fail in time of drought, but the deeper springs in the northern part 
of the county and the “boiling” springs in the southern part are perennial. 
Most of the springs are little used except by stock, but a few furnish house- 
hold supplies. Near Claremont are several with bold flows. Some from 
beds of marl yield water that is slightly hard and is said to have a marly 
taste. ‘There are people who consider such water unhealthful, but where 
the ground above the spring is thinly settled, the marl bed overlain by a 
thick layer of loam, and surface waters can not reach the sources of the 
spring through poorly protected dug wells, there is no reason for judging 
the healthfulness of the water by the taste. A complete analysis of water 
from a marl spring south of Claremont, given in tabie 6, shows that the 
water contains notable amounts of bicarbonate of soda. A marl spring 
north of the village supplies several families. Another spring just east of 
the city has been improved by the owner, EH. E. Harry, who markets the 
water as Trepho Lithia water. This spring flows from iron crusts and 
sands in the Sunderland formation. Various improvements have been 
made at this spring, and precautions have been taken to maintain the sani- 
tary excellence of its surroundings. The following analysis is recomputed 
from one furnished by the owner: | 


Analysis of Trepho Lithia water. 
(J. B. Weems, analyst.) 





Parts per 1,000,000 


EAE OE ERY SME TEE SC he es aie ss. © REM ROR La nite aa eat te aed Wee «foe ay wd 573. 
SPANO Chae fiend ts rete ahs GoD a) a ee a atte PL GT 34.3 
PAAR YUA MENA Lt Gd J ah Oh ees ahs, iy'95. la dene eae Ade RAE Sao oe BG 1.95 
CTO TOR ENE ne Welk. co Figs xt oa tug Pe ade asta s Sie eee ae ye 2.88 
PRECAUTION wah hc Bn a8 teed CN es 8 7k Wee gel ED a Beats, ofa Lib. 
VEU OTA MRD NOISE Soda 5. 5a > >, a Gs asad A ode wy oN ae! PALA a oh yaaa 3.22 
SUTURE IGS. Gul U2 39 pcg yada Sp ae a MN tae pi te REAR gh Comets WaMu Pe 1 
EOE AMEaURIM ISS Ey Sins Grc lato «ads ba ake Ae Oba < DEO a tle mis g ake 
Pierre ECan het MU 8 i) os vas) aks aaa: atets Hieidy Wega < Bie cS ec¥ 2 0.03 
Pec DON ameter TT Oe)" 0 bis a2 Sea Seta ate aus 55 Pe eae abs Boe ts 
ULL Lome Ole ouriis()e)0 4 ret... 2 Peeve a er vide org pen whey aha 3.82 
Cot CPE eee See Be oy ak oh rap Sa SORA GN Mes el pe tla ee oe 3.46 


Free carbon dioxide (CO,), 3.5 ¢. e. per liter. 


A group of marl springs just south of Dendron was, at one time, used 
for boiler supply at the mills of the Surry Lumber Co., but the water was 
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so limy and formed so much scale that the springs were abandoned. Other 
springs in the county deserving note are one, 2 miles southeast of Anchor, 
and one 2 miles northeast of Surry, on the road to Scotland. A few springs 
supply houses by rams; there is one at Bacon’s Castle. 

Wells.—Open dug wells, often provided with the old-time sweep and 
bucket, constitute the most important source of water for household use. 
Prices for digging these average about $5. Most of them have no lining 
but a wood “curb” at the bottom. The cost of such wells complete has 
often been less than $15. <A few of the dug wells are bricked or cased with 
tile; the proportion of the latter is increasing. In dry seasons many of 
the shallow wells fail. There are some bored wells and some driven wells, 
and along James River a few drilled wells. At a number of points near 
the river the ground waters are so limy or irony that cisterns are used. 


LOCAL SUPPLIES. 


At Dendron most people obtain water from dug wells, 14 to 20 feet 
deep. ‘There is also a considerable number of driven wells 18 to 20 feet 
deep, the water from which is considered better than that from dug wells. 
Both dug and driven wells get water from sands in the Sunderland for- 
mation. ‘This water is soft and adapted to household use. A well drilled 
some years ago for the Surry Lumber Co. to a depth of 386 feet was 
abandoned as unsuccessful because it did not give a flow. 

At and near Surry Courthouse dug wells average about 20 feet deep. 
Ordinarily they have from 5 to 8 feet of water in them, but in wet seasons 
some of the shallow ones are filled to the surface. Most of the wells are 
lined with wood, though a few are cased with tile. The following section 
is reported: 


Section at Sunny Courthouse. 

















: Thickness | Depth 

Material (Feet ) ( Feet ) 
Souk ese 27 te A Se ee OO te Bn ee ane ART Se ne ] | i! 
Yellow’ thay owris ei Pos Cae PEs we doe aie arene OT che 12 | 12 
Slate-colored, sandy sclay ss ac ao ps. deie hs a ee ee 8 20 
Vari-colored clay, pebbles*at-30 feeto 92%). meee 20 40 
Marl joes sob Sa Ra Be ee eee te a RG OR eee cn ee 3 43 
White gravels swaterecil) sd cer the te as ee 4 47 


At Claremont, situated on a headland of the Sunderland plain, dug 
wells are from 20 to 40 feet deep. ‘These yield water of varying quality ; 
some is from shell beds and so hard as to be unsatisfactory for domestic 


SURRY COUNTY. 279 


use. Some of the wells are liable to contamination because of insufficient 
protection at the surface, others because of seepage from old polluted wells 
nearby. In 1906, cisterns were used by fully one-half of the population ; 
about one-fifth used wells; the balance used spring water. At some of 
these springs are rams supplying tanks at dwellings. The water is gen- 
erally soft. 

On Homewood plantation on Hog Island in James River are 6 flowing 
wells, all sunk 20 years ago. Their depths are variously stated, but all 
draw on Chesapeake beds. A 6-inch well is said to have been sunk 317 feet, 
and to have struck a strong sulphur water at 270 feet, and a good flow, 40 
gallons per minute, in a shell bed at the bottom. 

The following record of one of the wells has been published by Darton: 


Record of well at Homewood. 














Y. Thickness | Depth 
Material (Feet) (Feet) 
CUS ae CLEC COMMER es LUIS valent a eye Coe Sad ale aiutetaw s 4 g's 30s 15 15 
[Tierra STI e. WALGK |S sis.ce 3's iu 1 ie aes Seca EP aes 10 25 
ee ILO We gate ration Patri gid 3 x nw EGY s Nina se age 2a ey 60 85 
Shell marl with hard crust of shell at base, flow of ferruginous 
ie CR a a Meet Ces Ks co. w x Veen Me Crops Adige. penis 37 112 
YE Ot See ORME, eee a BLS sw ulegte yg tle, Sie & WAH Ee phe os ors 108 220 
EM eye ne as Oe 2. odes bate gh de die Gs ee mela eae see 1% 22114 
Blue clay with flow of water at 222 feet, water better than at 
UTC tE aU OT OARE TORO iat, e's v3 25k din cp aereca oes ee er Od 67% 289 
Pieter cae Wenn UU ET GAA, oooh! lose Cae kt OS faa d Jie G whet, cel bl 2% 291% 
Black, water-bearing sand: fine water, flow at surface 30 
gallons per minute through 114-inch pipe, head 40 feet.....| ........ | 291% 


It is not possible to determine to which of the wells at Homewood this 
record refers. 

A complete analysis from a well in the southeast corner of the planta- 
tion appears in table 8. The water has a faint sulphur odor when fresh. 
The well is said to be 219 feet deep; it may be deeper. 

Another well south of Homewood and 4 miles east of Bacon’s Castle 
was sunk for a brickyard, since abandoned. It is said to be 400 feet deep, 
but the water has all the characteristics of the Chesapeake flows. An 
attempt to get a flow at Bacon’s Castle was unsuccessful, the elevation of 
the post-office being 84 feet above tide. 

Shallow well conditions at a number of villages in Surry County are 
summarized below: 


aDarton, N. H., Op. cit., p. 174. 
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Details of shallow wells in Surry County. 























Depth of ; 
Location mall Water bed pare 
(Feet ) water 
Allignte.’ 65.) Ak Seok tees 15-40 Mar] Shallow, soft; deep, 
hard. 
AnGhorink:. /. pidewetes beeen o meee 12-35 Sand Shallow, soft; deep, 
soft to hard. 
Baton’s: Castle icy. seis erek oe poe 15-40 Sand and marl Soft to hard 
CabinsPoint. jue ee eee 16-30 Sand Soft to hard 
Claremont, 7/3 Gee GS ines eee 40-60 Sand and marl Hard 
Dendron) Sadi ve eee ee Pe 12-26 |Shallow,  clay;|Shallow, soft; deep, 
deep, clay and|_ hard. 
marl. 
Hiberons b.6< 0 baclsiete .getee aoe Be2B. i hl vik ieokrgs mle mts Fair to good 
FLATPT AVE) 4.5.03 e ncn te ee 20 Sand Soft 
Ingenall ote be Wooo eo ire eres 50 | Marl Hard, cistern 
Rumine eee pee § ba eee 8—40 Sand and marl Deep, hard 
Saved geass. cibuiys sis wea eat 10-24 | Clay Fair to good 
Sdotland Cet eres ven piteoere 60-80 Iron crusts and| Limy and irony 
marl. 
Spothavilles i 4 eee tse soe | 10-80 ‘Shallow, sand;|Shallow, soft; deep, 
: deep, marl. hard. 
SSULEN Hy | a ai Meee ees eee eee 15-40 | Sand, marl Soft 
Wiedman 405 eos Ge ae oe Ree ek 35-45 Sand and marl Hard 








Conclusions.—Plenty of good water can be had in Surry County by 
dug, driven, or drilled wells. Artesian waters that will rise 20 to 35 feet 
above sea level can be had anywhere. . Their quality will be found excellent 
for most purposes, but toward the east side of the county they may not be 
altogether satisfactory for certain industrial uses. 

At Dendron, where the question of obtaining better water than that 
afforded by shallow wells will demand attention with the growth of the 
town, plenty of water can be had from the basal Chesapeake sands at 300 
feet, or the Pamunkey sands at 550 feet, by 8-inch wells and pumps or 
air-lifts. Flows are impossible. In the swamp along Blackwater River 
south of the town, the Pamunkey waters may rise to surface. [Flows are 
impossible at Surry, the elevation of the ground at the Courthouse being 
about 100 feet. By drilled wells and pumps soft alkaline water can be had 
at about 400 feet. 

In case artesian water is sought for town supply at Claremont, a well 
or wells near the foot of the bluff will probably be more satisfactory than 
wells in the center of the town. In the latter situation flows can not be 
had, the altitude being 90 feet, but flows can probably be had near the river 
and it will be more economical to locate a pumping station there than to 
use deep well pumps. 
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SUSSEX COUNTY. 


General description.—Sussex County, formed in 1754 from Surry 
County, is separated from the latter by Blackwater River. It extends from 
Blackwater River to Nottoway and Meherrin rivers, and is about 40 miles 
long from its northeastern to its southwestern corner. ‘he southwestern 
corner of the county lies west of the Piedmont-Coastal Plain boundary. 
The two most important towns are Waverly and Wakefield. 

The topography varies from slightly rugged in the southwest to undu- 
lating in the northeast. The larger portion of the:surface is included in 
the Sunderland terrace. ‘he maximum elevation reported is near Jarratt, 
155 feet; the minimum is on the banks of Meherrin River near Emporia, 
25 feet. The general slope of the surface is southeast. Coppahaunk 
Swamp and Warwick Swamp flow northeast to Blackwater River; Joseph’s — 
Swamp, Stony Creek, Roaring Creek, Poplar Spring, and Assamoosick 
Swamp flow south or southeast to the Nottoway. 


Geology.—While the Chesapeake (Miocene) clayey sands and marl beds 
underhe practically all the county as far east as the Atlantic Coast Line 
Railway they are seldom exposed, owing to the coating of Columbia 
(Pleistocene) loams and sands. On the west the St. Mary’s formation of 
the Chesapeake overlaps the Potomac beds and rests directly on the crystal- 
line rocks. Its shell or marl beds have been opened by many small pits 
~ and dug for fertilizer. Pamunkey (Eocene) beds probably underlie the 
Chesapeake east of Sussex but are not known to outcrop anywhere in the 
county. At Bolling’s Bridge on Nottoway River is an outcrop of a bed of 
cobbles and pebbles that has been regarded as a basal bed of the Potomac 
group, Lower Cretaceous; it may belong to the Chesapeake. From 
feather edges the Chesapeake and older formations thicken eastward and 
at Wakefield the base of the Chesapeake is probably 300 feet below the sur- 
face, the base of the Pamunkey 50 feet deeper, and the crystalline bed rock 
not less than 700 feet below. The surficial sands, gravels, and loams 
belong to the Sunderland, Wicomico, and Talbot formations of the 
Columbia group. 

UNDERGROUND WATERS. 


Distribution and quality—The abundant ground water in the Columbia 
sands and Chesapeake sands and marls varies in quality from soft to hard, 
and in places is irony. Artesian waters underlie the eastern half of the 
county. Little is known of them, but it is safe to say that they are of ex- 
cellent quality. There are no flowing wells in the county but it is likely 
that some artesian waters will rise to the level of the swamps along Notto- 
way River south of Lumberton. 
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Springs.—There are numerous springs and seeps along the rivers and 
their tributaries. Nearly all issue from the white sands which mantle the 
valley slopes and their geologic source can not be determined by inspection. 
Most are of small flow and many fail in droughts. The springs are little 
used except for watering stock. The only one in the county of commercial 
note is the Coppahaunk on Coppahaunk Swamp, about 144 miles south of 
Waverly. It has had considerable repute and is now owned by persons who 
bottle and ship the water. The flow is free, about 25 gallons per minute. 
The water rises through sand and probably comes from a Chesapeake shell 
bed; it is iron-bearing and is said to have slight sulphur taste when fresh 
from the spring. The following analysis is reeomputed from one furnished 
by the company : 


Analysis of water of Coppahaunk Spring, Waverly. 


(Froehling & Robertson, analysts. ) 





Parts per 1,000,000 
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Wells——Dug wells, generally cased with wood, are the main source of 
supply at most farms, and in many villages. The cost of digging these is 
low. ‘There are some bored wells and at Waverly and Wakefield many 
driven wells. No deep drilled wells are reported. 


LOCAL SUPPLIES. 


At Wakefield there are a few dug wells and over 75 driven wells, the 
latter from 19 to 22 feet deep. They get soft water in sands underlying 
loam. <A peanut mill gets water from an 80 horsepower tubular boiler from 
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two dug wells about 15 feet deep. The supply is fairly good for boiler use 
though it has a tendency to form scale. (See table 7.) 

At Waverly, where are large lumber mills, nearly all the water for both 
boiler and domestic supply is obtained from driven wells, which range in 
depth from 15 to 35 feet. Dug wells which strike the first water bed at 15 
feet sometimes fill to the top and are liable to pollution. The water from 
the second sand, at 30 to 35 feet, is preferred by those persons who have 
had wells driven to it, and is certainly less lable to pollution than that 
from 15 feet. In fact, in 1906, this 35-foot water was as good as need be, 
as no dug wells had been sunk deep enough to permit direct pollution of 
the water bed. The yields to pumps are remarkable. One 35-foot well, 2 
inches in diameter, is stated to give 30 gallons per minute, while at the 
plant of the J. D. Gray Lumber Co., 2 wells furnish water enough for 
250 horsepower. As a boiler water, though considered hard, it seems satis- 
factory, forming very little scale. Its quality is indicated by a field assay 
in table 7. 

The expense for a 35-foot well at Waverly is slight. A 2-inch pipe can 
be driven for about $5, and the well equipped with a pitcher pump costs 
about $10. 

Information collected regarding dug wells at various places in the 
county is summarized as follows: 


Detals of dug wells in Sussex County. 





























Depth of : 
Location wall Water bed oe o 
(Feet) water 
PCE Wht EG a, Sea enn em Crea 20—60 Clay Trony 
IP eC a Sate haa) Salle "aw, oe ayia gas 10-30 |Shallow, ecelay;| Soft 
deep, “black 
mud.” 
COmane av elLs = oe oun pT ee ee 15-30 Clay | Fair, good 
ea WUE he coed ate aca ea eee a eae | 10-50 Sand, marl Soft and hard 
eer TAL eae oe Ste a Sa vo agi ar’ 12-30 Gravel Soft 
Ag GL Olean e sv aes © cis @ oad 322 | 6-30 Shallow, sand;} Soft and hard 
| deep, clay or'| 
marl. | 
PUERCO Aa 0 © Se gael ee a Je Ae ee ER ee Soft 
Peas ee eee ce et ca eee 15-20 Loam Soft 
Wiesthopoter oars teat le alesis | 8-40 | Sand and clay | Soft 


At Jarratt some wells dug for boiler supply are 16 feet square and 20 
feet deep. 
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WARWICK COUNTY. 


General description.—Warwick County, one of the smallest counties in 
the State, was one of the eight original shires of the colony of Virginia. It 
lies along the north bank of James River near the end of “the peninsula.” 

The topography is somewhat diversified though the relief is not great. 
The northern part of the county lies within the Sunderland terrace which 
has an elevation of 86 feet at Halstead’s Point, in the extreme northern 
corner. The greater part of the county is included in lower terraces. The 
lowest plain includes Mulberry Island. The city of Newport News stands 
on two terraces. 

Geology.—Columbia (Pleistocene) sands and loams mantle the surface. 
On the lower terraces are local lenses of clay that have been worked for 
brick on Mulberry Island and at Morrison. At Newport News dark bluish 
mud containing cypress stumps and bluish sand containing marine shells 
outcrop in the river bluff beneath gray pebbly sands. 

Clayey sands and beds of shell marl mostly belonging to the Yorktown 
formation of the Chesapeake group (Miocene) are exposed in the creek 
valleys. The total thickness of the Chesapeake at Halsteads Point is about 
450 feet, and at Newport News about 550 feet, its base lying 400 to 550 feet 
below sea level. The Pamunkey (Eocene), Upper Cretaceous, and Potomac 
(Lower Cretaceous) lie below the Chesapeake. The base of the Pamunkey 
is about 600 feet below tide at Halsteads Point, and 700 feet below at New- 
port News. Evidence as to the thickness of the Upper Cretaceous is contra- 
dictory. The base of the Potomac les over 2,000 feet below tide at New- 
port News. | 

UNDERGROUND WATERS. 


Distribution and quality—The ground waters in the Columbia and 
Chesapeake beds show the usual variations in quality; here soft and clear, 
there hard and irony. Depths to the water table differ considerably, and 
where it rises to the surface after prolonged rains, as on flat stretches, the 
quality of the ground water is not considered so good as where the water 
table lies deeper. 

An abundance of artesian water underlies the county but that so far 
developed is rather highly mineralized, the mineralization increasing to- 
ward the southeast. This increased mineralization is due in part to the 
water-bearing sands growing finer, and as a result yields to wells and heads 
of flows are least in the wells farthest down the river. 

Springs.—There are no springs of especial importance in Warwick 
County, but a few are still used for household supply. The smaller springs 
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seep from Columbia sands; the larger flow from shell beds in the York- 
town formation. ‘The waters of the latter are apt to be hard. Some of the 
larger springs are so situated that they can be advantageously developed 
by rams. 

Wells.—Dug wells are chiefly used. There are a few drilled wells along 
James River. Near Newport News there are numerous driven wells and 
a few at other places in the county. 


LOCAL SUPPLIES. 


The Newport News Water & Power Co. supplies the city of Newport 
News with water from a watershed it owns. Practically every one in New- 
port News uses this water, though on the outskirts of the city are shallow, 
driven and dug wells which obtain supplies, in some instances of suspicious 
purity, from Columbia sands. Attempts to get artesian water at Newport 
News have been mentioned. (See page 97.) The artesian wells in the 
county are all near James River. There are two on Mulberry Island, one 
at Mulberry Island post-office, the other at Curtis Point. Both of these 
wells probably get water from sands in the Chesapeake group at 360 to 380 
feet below mean high tide. The owner of the well at the post-office has 
shipped more or less of the water to Newport News and Norfolk. It is 
soft, clear and refreshing, and has some local repute for medicinal 
properties. The accompanying analysis furnished by the owner, but recom- 
puted to standard form, shows the large proportion of bicarbonate of soda 
characteristic of artesian wells in other parts of the Virginia Coastal Plain. 


Analysis of water from well of P. H. Wright, Mulberry Island. 
(W. H. Taylor, analyst.) 


Parts per 1,000,000 
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The well at Curtis Point is of interest from its location and the quality 
of the water. In the latter respect it resembles the well at Mulberry Island 
post-office, but the water is more mineralized. A complete analysis appears 
in table 8. 
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At attempt to get a flow at Menchville on the mainland opposite Curtis 
Point proved unsuccessful, possibly because of the well being started on too 
high ground, as the head of the flow at Curtis Point is only about 20 feet 
above sea level. A well at Lee Hall 406 feet deep reaches a sand having 
about the same stratigraphic position as that yielding flows on Mulberry 
Island. ‘The elevation of the well is 42 feet and the water rises within 12 
feet of the surface. 

Conditions reported from some of the places in Warwick County, where 
dug or driven wells are the sources of domestic supply, are summarized 
herewith : 

Details of shallow wells in Warwick County. 

















Depth of , 
Location rail Water bed oat ee 
| (Feet) wee 
Denbigno7t..s 2.2 eee | 25-30 Clay and sand Soft, hard 
Halstead ©Point is Ji Ee 30-50 Sand and marl |Hard and irony in 
| deep wells 
Lee FG eee eee ee ee | 18-25 Sand Soft 
Menehwalies 2/05) 0A eka Shea oe 10-31 Sand Soft 
Mulberry Island oii: 3nc-thste: awe 10-15 Sand Soft, irony 


Conclusions.—The wells already drilled indicate that from the Chesa- 
peake sands under Warwick County, moderate heads, 20 to 30 feet, and fair 
flows at the northwest end of the county with diminishing yields and increas- 
ing mineralization southeastward, may be expected. Slightly higher heads 
and freer flows can probably be had from deeper sands in the Pamunkey, 
Upper Cretaceous, or Potomac, but heads over 35 feet above tide are not 
to be expected, nor is there any reason to expect much improvement in 
quality with depth. Water much better adapted to ordinary household use 
than the supplies obtained from some shallow wells at many places can be 
had west of Curtis Point. Farther east the outlook becomes increasingly 
dubious. Prospects in the immediate vicinity of Newport News have: 
already been discussed. (See pages 97 to 116.) 


WESTMORELAND COUNTY. 


General description.—Westmoreland County hes south of Potomac’ 
River on the “northern neck.” The topography is characterized by high 
terraces with undulating surfaces sharply cut by creek gorges and com- 
paratively level lower terraces. Some of the creeks flowing to Rappa- 
hannock River head within a mile or two of the Potomac. Some of those 
flowing toward the Potomac empty into tidal inlets or rivers, such as 
Nomini River and Yeocomico River. 
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Klevations on the Sunderland terrace range from 160 feet in the 
vicinity of Bainesville to 110 feet back of Kinsale. Near Bainesville is a 
small area above the general level of the Sunderland, and there is another 
near Stratford. These areas may be remnants of the Lafayette terrace. 
Lower Columbia terraces are traceable along Potomac River. A striking 
feature of the topography of Westmoreland County are the famous Nomini 
Cliffs which extend for nearly 10 miles along the Potomac between Popes 
Creek and Currioman Bay. These cliffs in places are 200 feet high. Along 
Rappahannock River below Wilmont Landing are conspicuous cliffs, in 
_ places over 100 feet high. 

Geology.—The loams, cobble beds, sands, and gravels of the Columbia 
formations outcrop in many road cuts and in the river cliffs. The lower 
formations of the Chesapeake group (Miocene) are exposed in many places. 
Over 200 feet of the Calvert are visible in the Nomini Cliffs and the diato- 
maceous clays of the formation are to be seen in the cliffs on Rappahannock 
River. The base of the Calvert is near tide level on the western edge of 
the county, while at the mouth of Yeocomico River at Lynch’s Point it is 
350 feet below. ‘The greensands, clays, and shell beds of the Aquia and 
Nanjemoy formations of the Pamunkey (Hocene) have a total thickness 
of about 250 feet, and the base of the Pamunkey is 300 to 550 feet below 
river level. Little is definitely known of the thickness and extent of the 
Upper Cretaceous beds. ‘The Potomac group may be 500 to 1,000 feet 
thick and the crystalline bed rock probably lies from 1,000 to 1,500 feet 
below tide. : 

UNDERGROUND WATERS. 


Distribution and quality—The Columbia formation and the top beds 
of the Chesapeake group carry ground water within the county limits. 
Near the edges of the highest terrace the water table is 30 to 60 feet 
below the surface and fluctuates slightly. On flat stretches of the same 
plain it may fluctuate 15 to 20 feet and rise to the surface after a wet 
season. The quality of the water varies from soft to irony or hard. 
Shallow water in the Chesapeake beds is at many places hard. 

Sands in the Chesapeake, Pamunkey, and Potomac groups are known 
to contain artesian water. As the beds dip east the depths to the sands in- 
crease in going down the river. At the west end of the county the Chesa- 
peake beds are little below tide level and do not give flows; east of Mount 
Holly most wells draw on them. The sands most widely developed are at 
the base of the Calvert formation. Higher sands supply wells at the east 
end of the county. The Nanjemoy sands have been reached by relatively 
few wells east of Colonial Beach. The heads of the flows vary but the 
waters most developed had heads of 15 to 30 feet above tide. All the waters 
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sampled from wells reaching Chesapeake or Pamunkey sands were soft and 
alkaline. 

Springs.—Small seeps and springs that feed the creeks flowing to 
Potomac River are found throughout the county: So numerous are they 
that as one man expressed it, a spring can be had on any hillside by a little 
work with a hoe. A few springs, such as those of R. O. Costenbader near 
Remus, and Wm. Taylor, opposite Kinsale, furnish drinking water or 
water for household supply; many are so situated that they can be 
developed to advantage by rams. From no spring is water marketed and 
none is a resort. . 


Wells.—-On high ground dug wells curbed with wood are the chief 
source of domestic supply. Some of these wells are poorly located and very 
liable to pollution. On the high terraces wells are from 20 to 60 feet deep, 
on the lower terraces they are seldom over 40 feet and the average depth is 
under 20 feet. There are some bored and some driven wells, and along the 
river and the tidal courses of the creeks are many drilled wells of small 
diameter. The cost of these to the owner has averaged between 25 and 40 
cents a foot. 

LOCAL SUPPLIES. 


No town in the Virginia Coastal Plain has benefited more from the 
development of artesian water than Colonial Beach. The first deep well 
was drilled in 1887. Before that all persons, and for some years afterward 
many persons, drank the water obtained by shallow wells 6 to 15 feet deep, 
and as a rule poorly protected. ‘Typhoid fever obtained a foothold and was 
in some years epidemic. Since the substitution of artesian for dug wells 
typhoid has practically disappeared. 

Nearly all the artesian wells reach a greensand in the Aquia formation 
of the Pamunkey, about 200 feet below river level. According to the driller, 
who sunk many of the wells in town, none of those reaching this sand is over 
220 feet deep. ‘The sand is immediately overlain by some 10 feet or so of 
red or chocolate-colored clay. ‘The sections reported vary, but the follow- 
ing may be taken as an average: 


Generalized section at Colonial Beach. 


Thickness ; Depth 











Daten (Feet) | (Feet) 
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Red and chocolate-colored clay not over 10 feet thick on beach 10 Remtiy 4 


Rather fine green or black sand, water bed.................. 20 | ~ 201 
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Some wells pass through “rock” 8 to 10 inches thick in the blue marl 
at 150 feet. Most of the wells are 114 inches in diameter and were sunk 
by hand rigs. Prices for drilling have been $50 to $75, according to care 
in placing casing, etc. 

‘The water from the 200-foot wells as it comes from the same horizon 
varies little in quality. It has a slight sulphur odor and is decidedly alkaline 
(see field assays, table 9). It is used for all purposes. As a boiler water 
it has a tendency to foam and pit tubes. 

At the ice plant where a well to the 200- to 225-foot sands gave an 
insufficient supply, a well to a sand in the Potomac group found plenty of 
good water. The driller reported the following log: 


Record of well at Ice Plant, Colonial Beach. 
(Authority, Roland Rude, driller.) 


|Thickness | Depth 











YI _ (Feet) | (Feet) 
HERG YD UEP Vhs Me eT Sage og i a A RE Pays SP Whi kc eR 6 | 6 
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SIAC SOARED WICIEABANC o's ic sid. sO amas ti here The ie aheh 140 | 200 
Rocks in coarse brown sand, a little water .................. 100 | 300 
Black earth with large grains of heavy sand ................ 50 | 350 
White clay, with some very soft streaks .............5.00.. | 50 / 400 
VEEP GEOLC age Oi it Spe”: Ui OR Oe oR Re eT A ee 15 | 415 
SM MILeMSUMUL WItLpIENty OL WaLler 2... 2 bus wats ates vie blue ais v L422 


The well is 144 inches in diameter, the flow is 6 gallons per minute at 
an elevation of 5 feet. 

Outside the thickly settled portion of the Beach there are still wells of 
good flow to the 200-foot sand. One of the best is that of the McGinnis 
estate at the south end of town, which when dug flowed about 3 gallons per 
minute at an elevation of 9 feet above high tide. 

North of the Beach at Wilkerson’s Wharf are two wells, 233 and 235 
feet, respectively, flowing 314 and 13% gallons per minute at elevations of 
4 and 7 feet above tide water. ‘he wells are said to have struck the Beach 
flow at 214 feet but found it a mere drip. After going through 10 feet of 
white sand and “rock,” the latter in layers 1 to 10 inches thick, and 20 
feet of “‘red clay,” the present flow was struck which rose 40 feet above 
sea level and gave 5 gallons per minute. 

At L. C. Handy’s, west of Wilkerson’s, is a well that has a measured 
head of 22 feet, and flows into a tank about 20 feet above mean high tide. 
An attempt made to get a flow at an elevation of 30 feet above tide was 
unsuccessful though the well was sunk 471 feet, according to the driller. 


20 
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In the vicinity of Erica the sands that yield waters to the wells near 
the head of Nomini River are apparently too fine to give flows, and several 
wells have gone to sands in the Pamunkey at reported depths of from 300 
to 350 feet. One at the post-office, elevation about 20 feet, is said to be 
336 feet deep and to have flowed in 1902 when drilled. In 1906 the water 
stood about 3 feet below surface. 

A mile east of Maple Grove and some 3 miles west of Colonial Beach, 
a well was drilled in 1905, for Floyd Omohundro, on the Wicomico terrace 
at an elevation of 60 feet. This well found water in white sand, which rose 
to about 40 feet of surface. The well is cased for only about 40 feet, and, 
according to Mr. Omohundro, since it was drilled there has been a change 
in the quality and yield of the water in his dug well, 45 feet deep, about 20 
feet distant, indicating that the artesian water finds its way into the 
dug well. 

At or near Kinsale, on Yeocomico River and its inlets, a considerable 
number of flowing wells have been put down. Those at Kinsale are said to 
range in depth from 238 to 275 feet, most of them striking a water-bearing 
sand in the Calvert formation at 245 feet. The heads average about 17 
feet above mean high tide, and the flows at an elevation of 6 feet are about 
4 gallons per minute through a 114-inch pipe. ‘The water, which has a 
slight sulphur odor, is used at canning factories and also for drinking. In 
a boiler it works fairly well, not pitting the tubes, but having a tendency to 
foam. At the canning factories it is the custom to blow off some of the 
water in a boiler, one or two gages, several times a week. ‘The general 
character of the water is indicated by the field assays in table 8. 

North of Kinsale on Sandy Point Farm, the 5,000-acre estate of J. R. 
Dos Passos, of New York, there are no less than 15 flowing wells. Many 
of them are at tenants’ houses and were intended to furnish pure water 
for domestic use, the supplies from shallow wells having, it was thought, 
caused malarial disorders. A marked improvement in the health of those 
using artesian water is claimed. The following log was furnished by the 
driller : 

General record of wells near Sandy Point. 
(Authority, F. H. Jones, driller.) 








Thickness Depth 














Material | (Feet) (Feet) 
Loam vss es ereiteaee Sane eer gene o REAL, At Red ia BE | 17 17 
White. sand cin hob a Bday e eccan te tie, cae BY eR en ys 8 25 
Blue: clay-(ealled Tullers earth) =i... aes. ee ee 150 175 
Mari and ‘layers: ‘of shellso Ub. oF ee as OE es 50 225 
Thin layers of rock about 2 feet apart, with sand between..... 5 230 
Black ssand,, water-bearing'< gencwin.c sy . cot-nh eet eee een | 230 


This water has the general characteristics of the flows at Kinsale as 
shown by the field assay in table 8. 
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At Sandy Point farm on the river shore at Lynch Point, is a flowing 
well but 90 feet deep which may tap a sand in the St. Mary’s formation of 
the Chesapeake. The head of the flow is about 3 feet above high tide. The 
water decidedly differs from the deeper flows; it contains more iron and 
lime, as shown by field assay (table 7), and is little used. In a way the 
well resembles in low head and quality of flow some of the wells in Accomac 
Ceunty. 

Near Nomini River there are flowing wells at Mount Holly, Hinnom, 
Beal’s Wharf, McGuire’s Wharf, and Erica. Most of them draw on the 
Calvert sands of the Chesapeake group. The well at Mount Holly is 150 
feet deep and flows, at an elevation of 9 feet above tide, about 5 (?) gallons 
per minute through a 114-inch pipe. A field assay of the water is given in 
table 8. Some of the wells on Nomini River tap deeper sands, if reported 
depths are trustworthy, but the waters are much alike. Most of the wells 
have cost $40 each. 

At Oak Grove, on the Wicomico terrace, several attempts to get artesian 
flows have failed, owing to the elevation of the surface, 60 feet. Some wells 
at Oak Grove, at 25 to 30 feet deep, are poorly situated and continually 
liable to pollution. 

Two miles southeast of Oak Grove an attempt to get a flow at the resi- 
dence of Andrew Flanner failed because of the elevation, though the well 
went down 664 feet. Mr. Flanner has a dug well 63 feet deep that gets 
water in Chesapeake sands. 

Data collected regarding dug wells at a number of villages in Westmore- 
land County is summarized as follows: 


Details of dug wells in Westmoreland County. 




















Depth of ‘ 
Location ene Water bed ae of 

(Feet) . 
POM ALON UILIG fret ea tote ts alos alee ono «heh «28 35-60 Sand and clay Soft to hard 
I Simishle Sk steam, ba cia Gee acc aC ea 12-18 San tar TOA Es Fo ned AL ae 
TAR OG pli ea = piel nia bho, 3 boi 5 > 35-40 Sand and gravel Soft 
PIGTNCEA Oe Se ae ae ke 3 2h 20—45 Sand Soft 
PROCS ee ae ks oe 30-45 Sand and gravel Soft 
Kontale ys ep eis bs ade oss c6 15-25 Sand and marl Soft to hard 
ETL REASSV IL See tema ce tee sod elas ose wy 14-20 Sand Soft 
MPACHAGOG -¢ cate are eee ce es 12-30 SAP aw Peete cna eta 
Manlegrove) scat) (Ce. fee bd &e» 30-60 Sand Soft 
ee eh aie AE ee 4S Re ea 15 Sand Hard 
DVOMIETOSS ee coe te ee eres <5 30-50 Sand Soft, hard 
Eo ck ONL ais ee ON ae ee nn er 18—60 Clay Soft 
ODOMAG Nl tlis pies Seas he letts eas. 15-30 Sand and marl Soft to hard 
VEE Geet Up, tle eed oe eee Oe aa 30-50 Sand Soft 
LO eR ee Sn, Ce 30-80 Sand Good 
Templeman Cross Roads ........ 25-35 Sand Soft 
Leys Seg AE Se eyes te ne ara 16-60 Sand Good 
TRE OTE es fs ck vets cee wR e's « 18-20 Clay and sand Soft 
VAT ARC © oe <0 Ea en ae er a 15-40 Clay ‘Deep, hard; shal- 


low, soft. 
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Conclusions.—The volume of flows obtainable by carefully cased wells 
from the artesian sands under Westmoreland County, the quality of the 
water, its superiority to the supples obtained by many dug wells, and its 
freedom from disease germs, are reasons for more extensive development 
of these sands. Flows are not to be expected at points more than 35 feet 
above sea level, but higher heads than those found in the artesian sands 
nearest surface can be obtained by deeper drilling. 

At Oak Grove, soft water free from disease germs can be had by pumps 
from wells to the Calvert sands at 250 feet, or the Potomac at 450 feet. 
The water from the latter will rise to about 25 feet of surface. 

At Montross the water from the Pamunkey sands, to be reached at 400 
feet, will rise to about 70 feet of the level of the Courthouse. In Kinsale, 
flows at the elevation of the higher ground in the village are impossible; 
wells to the Pamunkey sands at 500 feet may rise fully 30 feet above the 
river. 

YORK COUNTY. 

General description.—York County, one of the original shires of Vir- 
ginia, lies along the south side of York River on “the peninsula,” of which 
it covers the larger portion. 'The surface of the county is diversified by 
tributaries of York River, the more important creeks being Ware, 
Scimmins, King and Queen, which cut back into the several Columbia 
terraces. The greatest elevation of the Sunderland terrace,eat the north- 
western corner of the county, is about 110 feet. 

Geology.—The Columbia formations form the soils over most of the 
county. No formations older than those of the Chesapeake group are 
visible. Along York River the St. Mary’s and Yorktown formations out- 
crop, and at Yorktown, the type locality of the latter, and 3 miles up stream 
the bluffs are full of shells. Firm rock composed almost wholly of ground- 
up shells makes the base of the bluff at Yorktown. ‘The bottom of the 
Chesapeake group les 180 feet below tide water in the northwestern corner 
of the county, and 550 feet below in the vicinity of Messick. The 
Pamunkey (HKocene) greensands and clays which underlie the Chesapeake 
formations are about 100 to 200 feet thick. ‘Their base is approximately 
400 to 800 feet below sea level. Upper Cretaceous beds undoubtedly under- 
he the Pamunkey, but their thickness is undetermined. 'The base of the 
Potomac (Lower Cretaceous) group lies possibly 1,290 feet below tide 
water in the northwestern part of the county and 2,300 feet below in the 
southeastern. ‘The total thickness of the group in the eastern part of the 
county is fully 1,300 feet. 
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UNDERGROUND WATERS. 


Nstribution and quality——The Columbia formations all carry more or 
less ground water, the depth to the water table, the yield to wells, and the 
quality of the water differ. with the location of the wells. Wells on high 
ground, away from a terrace seep or creek valley, obtain soft water from 
the Sunderland or Wicomico sands within 20 feet of surface; other wells 
may go 40 feet to water. On the sands of the lowest terrace, east of York- 
town, wells are only 8 to 15 feet deep. The water is mostly soft but in 
places is iron-bearing, and under marshy tracts along tidal inlets is 
brackish. Dug wells on this terrace sometimes fill to the top. Where, near 
terrace scarps or stream valleys, the sands of the higher terraces are thin or 
contain little water, dug wells go through them and obtain ground water 
from the Yorktown or St. Mary’s formation. This water is at many places 
hard or irony. 

Artesian waters underlie the whole county. ‘The sands in the Calvert 
formation of the Chesapeake group, in the Nanjemoy formation of the 
Pamunkey, and in still lower formations, have been tapped by wells on the 
north bank of York River, but, according to reported depths of wells, only 
those in the Chesapeake group have been developed in York County. 

The supplies obtained are of good volume, heads range up to 30 feet, 
and the quality is generally satisfactory, the mineralization being greatest 
in the wells farthest down stream. A slight sulphur odor and a high pro- 
portion of bicarbonate of soda are the prevailing characteristics. 


Springs——Seeps and small springs from Columbia sands feed creeks 
that flow to York River, but are of little economic importance. Most of 
the larger springs flow from shell beds in the Chesapeake group; a few are 
used for household supply, and some of these can be used to better advan- 
tage by rams. 

Wells—There are many driven wells, and a few drilled wells less than 
100 feet deep, on the low expanses of the Talbot terrace in the southeast 
end of the county; there are a few deep drilled wells along York River; 
elsewhere dug wells are used to reach underground waters. ‘The relatively 
small number of drilled wells is a result of the small amount of low ground 
on the south bank of the river, most buildings being on high ground. 


LOCAL SUPPLIES. 


At Yorktown there were in 1906 but 3 dug wells; one on the bluff is 60 
feet deep, the two others at lower elevation are 40 and 14 feet deep, 
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respectively. All three go into shell beds and yield hard water. Cisterns are 
the usual source of domestic supply. A drilled well on the beach, 750 feet 
deep, yields 1 gallon per minute through a 1-inch pipe. ‘The water is con- 
sidered good. . | 

At Messick a drilled well 60 feet deep found a flow of shghtly irony 
water in sands lying either at the base of the Columbia or the top of the 
Chesapeake group. Particulars of the wells drilled along York River and 
its tributary creeks above Yorktown are summarized in table 5. They draw 
on sands tapped by wells across the river in Gloucester County. 

One of the more notable wells is that of A. G. Harwood. ‘This well is 
400 feet deep and the flow has a head of over 20 feet. 

Conditions reported from a number of places in York County that rely 
on dug wells are summarized in the following table: 


Details of dug wells in York County. 




















Depth of | | ; 
Location weil Water bed | ama: of 

(Feet) | water 
Gretta | ua Sh tte ee awe idee eae me 16 _ Sand and marl Hard 
Grove 94 6 1ihl) 2 iea.4.. Bode | 20-60 ‘Shallow, sand; Hard 

| deep, marl. | 

Messick ™ 400 CLIT . MeL ate ee a 8-15 | Sand | Soft to brackish 
Qaktreea..zuvtall croak! sepctiges 25-50 Sand and marl | Soft to hard 


Conclusions.—The artesian water prospects in York County vary from 
good to poor. In the western part of the county good flows can be obtained 
from Chesapeake, Pamunkey, and Potomac sands down to 1,000 feet or 
more below sea level, and the resources are practically inexhaustible. 
Farther east, as indicated by deep drilling in Warwick County to the south, 
and in Gloucester County to the north, the Calvert sands probably grow 
fine or clayey; they yield little water, and this contains a decidedly high 
proportion of solids in solution. 

At Yorktown the same sand that is tapped at Gloucester Point yielded 
little water and the flows from the sands reached by the 750-foot well on the 
beach were disappointingly small. Stronger flows may perhaps be had by 
going deeper, but the water will not be any better. Heads will not be over 
30 feet above tide and to raise the water to the top of the bluff pumping 
will be necessary. 

On the low ground that begins 4 miles below Yorktown the same con- 
ditions probably prevail as in the east end of Gloucester County. Fair 
water, that will rise 2 or 3 feet above tide, may be found in the Yorktown 
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formation by wells 80 to 100 feet deep; but little or no water will be 
found in the lower half of the Chesapeake, or in the Pamunkey. Deeper 
drilling will find flows in Upper Cretaceous or Potomac beds, but the 
water will be highly mineralized and at the wells farthest east decidedly 
saline. ‘There is no reason to believe that better water will be found below 
1,000 feet than above that depth. It probably will not pay to try to 
develop the sands in the Potomac group anywhere in the low ground below 
the scarp that runs across the peninsula from Newport News to 4 miles 


east of Yorktown. 
TABULATED WELL DATA. 


The following table (5) summarizes the information collected by 
correspondence and field work in regard to a large number of wells in the 
Tidewater region of Virginia. The list is very far from being complete, 
no attempt having been made to procure information regarding every well 
or even a majority of the wells at places where much drilling has been 
done, such as Colonial Beach, West Point, and Franklin. ‘The depths, 
heads, and yields printed are in general correct, but some, because they 
were given from memory by owners, well drillers and others, are little 
better than guesses. Where figures reported by different persons varied, 
the more probable figures were taken. ‘The authority for the items relat- 
ing to each well is shown by the letters in the fifth column of the table, 
O standing for owner, D for driller, and M for miscellaneous—some third 
party—in many instances the local postmaster. 

In tables 7, 8, 9, 10, and 11 are assembled available analyses and field 
assays of water from some of the wells listed in table 5. Information regard- 
ing the mineral constituents of the water from some of the springs men- 
tioned is segregated in table 6. 

Attention is called to the fact that some of the assays and analyses are 
more reliable than others, but the writer has not attempted to designate 
those that he considers the most carefully made. As regards the field assays, 
which are distinguished by (F) after the name of the analyst in the last 
column of each of the tables, they were made with the apparatus devised by 
the U. 8. Geological Survey. ‘The determinations practicable with this 
apparatus differ widely in accuracy. ‘The writer’s experience is that the 
determination of chlorine can be made with most precision, and that the 
accuracy of the determinations of iron, calcium, sulphates, or total hardness 
may be seriously impaired by substances in solution interfering with the 
reaction that should normally take place. 


aLeighton, M. O., Field Assay of Water, U. 8. Geol. Survey, W. S. Paper 151, 
1905, pp. 27-75. 
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Results of all analyses and field assays are stated in parts per million 
and in ionic form. ‘Thus, a water containing dilute solutions of bicarbonate 
of lime, bicarbonate of soda, sulphate of soda, sulphate of potash, and 
chloride of soda (common salt) has its composition indicated by so many 
parts per million of calcium (Ca), sodium (Na), potassium (K), bicar- 
bonates (HCO,), sulphates (SO,), and chlorides (Cl). 





_ TABLES OF ANALYSES OF WELL AND 
ss SPRING WATERS 
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TABLE 5 





Data of wells in Coastal Plain Province of Virginia. 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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Sand and shells .!Columbia (?)....| +6 |........ TSP TSO UL aPe eee ttecierce otis Soteele Sak ees Domestic and stock 
Siz018 ) 4 yore e IIe Chesapeake (5) "ES [os.....aleoe vcses PR Rene a artis Sel ons are citote ate Ooonker eeTaeia ale slater Domestic 
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TABLE 5 (Continwed)—Data of wells in Coastal Plain Province of Virginia. 
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Marsh Market .. near Jas. A. Hall (Two wells)|\J. W. T. Robertson O; 1906; 5 92 
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WELL DATA. 


TABLE 5 (Continwed)—Data of wells in Coastal Plain Province of Virginia. 
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+8 |. 1% | eer ekn clare es fte euaras|eogieye era tie. ut nove RatnCeeeen e abeor ata eravens epatiete aie le es sae sia.es |Household and 
| stock 
+8 MI Ai a or erata Sere llacadolle-aeiciecd spate ara chakras ome ahcle eh tei cieivis » elh' sole oe |Domestie and stock 
Ue Si esp ha a coleh dees at reeene ty b406 baa Ca OMn any ta eahed ed a0 sea} seeinscncae eee ceeey a « 
Te Were tleels oe Hewat Doe reste era icne ceceerrerome cto ens neces Domestic and stock 
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Pe aw i feccs eras] ret vaneiy lee Ralston oe ore daee new etaed os ay (nakectinns Peieese st DOLUESUIG. BOO BtOCE 
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Ste SMEN Ons wie fuels caaetee f HOGIS OiG 4s vais teva ciererdeete seiniisite soit s Sebisis cicctestees Domestie and stock 
Sails lascccccclecccrccelesce|eascescecssccssccccccusccsscovsscsscssossees DOMEStic and stock 
LOM vrrtc siete «| B | BO Joc econ eee cnc ne cence cecncceesccccencseecens |Domestiec and stock 
flows | Birks cee c ce Gl ee Meena Ese Semsict aalia ciate wise a wae mac nok we ate Domestic and stock 
seer sie Wie ESTP ho cs ious check aime meas eel eR SEMENY Cal ve chine tos coc SOOTDOSHIO ADU eLOek 
Bement e fraeere MOM. Tere cea o avekadtehcl eras fears etutenerenssaidcalersysusretatatar ome. etapa) cuel ticle sraeten/a) ewelaaielet Domestic and stock 
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MRR. ©, 66a lcs Pacalt es cneaeakicealeuarssdbub beer tna at’ asides wis .-.--/Domestie and stock 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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Standard eBrick OO cance ald oc dave sees setae celts BOD: [520-5 TAOP Teo ee ealleee coe ean ame 
New Washington Pressed 
Bricks CO.cebs Set Sica all alae ee eee eo eats teeta catorers Q'} 1898) 1325.5. TBI |... -|..eeefeeeenrees|acee 
Houthern SWAMway eerie oo alc sce ec eres etetatele muatee axed tl late cre clle mre tel STO TM ote otell aig. cree anemia 
Cr <) BALCLAINIS) tesco hare sol Src bein ies cenieiele Soles O 1898 |200 68 48 64 ieee eae 
Alexandria Fertilizer and | 
Ohemical? Go." 722. 2.2. R. LL.) Thomes....... O| 1906 | 10 445 | 8-6 225 | 350 |. 
Belle Pre (Bottle! Oow teins. ak ee eek tees O 1907 | 40 18 | 6 }175 [penne ees lsh stort 
PEODICSAMLCOR OO sae tree cue ke Be bla ettereeremeeree O 1894 | 82 401 | 8-6)..... oe ee bends 
Robert Portner Brewing | 
OOcs! Shake eiurieeeeeeee Wow. = Milletive.secce O 1888 | 38 430 | 8 410 61 370 
‘Robert Portner Brewing 
Paro Ripe tener ee mee ee ete nes ley O| 1902 | 35 370 | 
| O| 1903 | 38 392 | 8 | 370 Gly" she 
Washington, Alexandria) Washington Well | 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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Tapie 5 (Continued)—Data of wells in Coastal Plain Province of Virgima. 
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5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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TaBLe 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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| H. Fetterholf......| O 1905 
Hreeport <ce, sews near ih. “GC, WMarinholte....ee.: ECE) SSD pao oe 'O. 1901 
ETeOpOrt. «eae near ‘R. By SP arinholtect ates. pel ped. eS imityee eee O 1901 
CHA SS gc 5. Laas aes poe Te SE ET cee a eee ae de AF pest OPE Oh eb haa OA go | D| 1904 
Gloucester ...... NGAP VAW., BE ee aT wee wala Géeow tHushes,: cee | O07} 1885 
Gloucester ...... near AW eb iCarrs eee ce le cece etek eh ete eit eee |O} 1895 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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Signpine oe a: | 316 mi. E. Peter, Van’ Name...) i_—Thompson ee eeeee O | aiete wien 5 180 Zi. Witencate, «|e eter eeahetetens 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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Taste 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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Williamsburg ...%4m.N.W. 
Williamsburg ....14m.N.W. 
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Taste 5 (Continued)—Data of wells.in Coastal Plain Province of Virginia. 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virgina. 
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TaBLe 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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TapLe 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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lhe Ba: keke | (6 wells) ............+.. \Frank E. Pearce..... |M 1888 | 5 160 |((-2 1° 160 tae 160 
West Point...... 1mi. S.E,|Southern R. R. Co...... ER. WHEKINBOM, Cyc. n avs D| 1900 | 5 | 165 | 1%) 165! 120 
| | ite | | 
West Point...... 1mi. §.E, Southern R. R. Co. E. Wilkinson ........ D| 1899 | 5 | 165 | 1%/ 165] 120 ; 
West Point...... 2 mit: §)m. United States: :.....45.4% Eu Wilkinson, s.eevns . DilP1 898 ee A elee oy 0 ae 160 
West Point...... 1% mi.S W West Point Ice Co. | 
—@ WOME) wa ikivenw en nap he |Frank Mirae Oa OGe cs M) 1888 | 6 185 > ssa 185? 
| | 112 
West Point...:.. % mi. S. Wm. Wheeler ee che J. Frank Smith...... D| 1902 | 8 326 1%) 315 | 150 | 306 
West Point.....; % mi 8.28 1B Wilkinson s.,. passe: ee Vie BIayit. oe 0 1887 | 10 165 144)" 120 ee me 
ba pe eS Ee rr 


‘Southern R. R. had about 15 wells. 
>bTnitial head 29 feet. 

©Flow at first 20 gallons per minute. 
“Combined yield of wells. 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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S 
9 
Sa | Yield per 
° . - | | 
Principal water beds 2 iminute 
Ss 
3 Quality Uses 
= fee ie ee = pb ha anne 2 
Ss | = 
lan = 
Group a: 
Material or S's) | Flow | Pump = 
formation $'5 Fe 
a8) oH 
z / Hea) oGals Gal. LAL 
Greensand....... IPAMUNKEY acsine s\bne. wins BUG. Vonw oo stereralllaneareaes SON cos PAC Re a tel RAO of ARR RCE Sean PERG Aide Ta Leb ee ee 
Sth OTE plegs maa) bball denice sc Prue DS, inpae oe etal ete ree CHEM Rene een ne Mena. RU Ac rc ane ihe Gretta dh caate ARE baueMt ole ae « 
SlentiGa weGeeomee |\Potomac (?) ..../+39 pea Rieer ser CG MIPEMOR YY ON hes NARA ioe Crete: Sieve. yer cle ltele ara eo iels ese Household and 
| | stock 
Gray micaceous | | . 
ePVOT indie EER ee ‘Potomac (?) ..../+39 | G56 Ae as gaias oan te ME elt ieee ats dais tBatae beans nies asa, ‘Household, boiler 
| | supply, stock 
Ptewasesds nse JE OLOMAG C2) ia.) 938 | TEN Ce SO hon GL eee Pe a, Wives While s, be shety 2 eke ead ee ah Polonaloc-are Household and 
| | stock 
a. eee DUMMIES A. Vic. i | 20> AptewnwiEh <0 wi snch ets vaceave andes aveaeeee (PUbiE 
| 
Stal od on eee |/Pamunkey ...... SOMONE 0.23 7 Italie hore 66 SCOUMT, he Ui phy ehG NACA gh See Cat eee ees City water works 
_ AS MORE Ce Eeeoe @alvertaent cade alten ss | 2 SOR Ree eee era. «Gb Se mentee, Mottecnldns...+.4.0 bards DOMeSstie 
WSicittelo A aCe Oalvertices scivsic xo 4-97- | Ue | sna alae One Ce BUD OWE 45 Stee deans e 0 vege DOLer 
«, sik te BRS pea Ee Oalvertes....-.-.)+-10 De Re ceone Ge SOUE Eco AUR anon fold oc 2 Cea re el Baikal '@netes 
MOR tN Ree anya! FOL CT Demeee re tea rete AAT Nak, 5) i, « Si. eva veel 0) emma tata EATS lererarosie siete cleeisanie Walerexia atin goa sae es ep OOLEL 
| LASS SRO eae ON DY STF oct Seer (510 eae are 12 62 Reta Se Ae aks Dales Wenetatie tities dee amen ELOUNCHOLE 
Ms Tete ee te ATV eae aan Nee cy ae: «ctclllarslo roar ON om AMM ne eet yes Sirkly Siok cele e chasis secaieeatetere i ELOUSCHOIO 
Rei caters sites s REN Mbarara PA “laiivcs ar 90 |<7a's =m nip ee ME MaRS nied) ede a pee <<p'¥ oh coerinie ody <es'y ree DOUEr Ab DTICK yard 
PE Pers 3.8 bins RIOT rere eee et meee I aratcl opel aille. bie ove te celta tame riree S eR ES, hice seks lhc > vr ave denMeLOUsehold 
hnboad GEE one eee RRO UTM Ie Vora peeicen eer at sl Poetars iota atni|vo ask or oop Meera NSO T Cee er.c sua rdidaeec cine «foe cae ee erass 64a LOUSEhOIA 
AEs RIES biG. dd aja ic Calvert..........).. ese lee ese seefoenences 65 BO le SUNN Ee ie hs a.cbuawees- cases. 4 Drinking 
FE ats ite Seis Oalver tries. cae sale eee LOY lars encerisail 168 Fe eda s6 FPR a oN Ce oN ueti eos tine seand WORDING | OYRLERS 
atid Ae SUE Nee CAIN Oya wees EU) Wlieketats soot il sea hveeh of OL Sou NOM ee wena a Sal 2s) PsA anaconda Botcleteis we «of ELOUSCHOId 
} 7: 
acc SRI ORLY OR bic aa ak ume iheig ody «| DLE rate eh reer Oe RETA a Osea eaten iett es cieih Sethe Seleknce bs Sal EADIE 
Sandansasaleslees' @alvertion.:cos.. EEE AG Nl cf icitetellhs wrt oaeers 61377) tees 5 BEE REEL Sie Ae eat has jonas oe DPI INS 
2) Ab Gat eee ae Pann key cs. in... O16. | cen aera Le ce eee eee Peat hilkaen cs .« see LOUSENOIG, yt 
URPRAUA 2 Sova iad I@alviertecn sume atelier eo i os 63 Gh Lb MEE Mee ears tes chee ho atte sem einee assis tsecent Washing oysters 
| . | 
Black sand...... Pamunkey ...... PRO? |” 70(?)\.vs.es Soon Beat Cie w nas Cveiele «Ww ste Mids s-0 a xivledes ei oine ns Washing oysters 
nee SEE eee Neti ieonbuaMldein ». Acvcle | ote) Oc CREME bomiee cet tea | mos: MOI uy ctvys let. 1 v.02 {Household 
ic bok tiie te oe Oal Vertis fon te aibeese.. 5 tos eae OLS4 Mees fe are AE od. Ao. | Houseliald 
7 hc HS re NaS Urner eters etek alll teeiotss Wiel slate oco.e cies oven oie lig eee eS O LCE SUL DO Ur Fittest eeeeeteeeeeeeesse: Drilled for locomo- 
| tive, little used 
Ree ae ais ba wits Gal verteercs ocee coe oe 416 |. e502 frente IDOLG Rane ae eae. 5. ring or steam- 
| | boats and wharf 
CATE Metn en tan a's PAL VOL ED actet shaves o.). g's s< iene 8.x Sho awhta ves sac rah cie wists « Eta ye dew le Math ares isd a a'e ecw ‘Drinking at Beach 
| We Park 
ee hticale a haipare Galvertie tote etal tages CULES Mitata es, seals OD Lael SOM mete en Lrras cyl talectaeh.siaeteaacie alone uate work: BoE bermin al 
Hotel, drinking, 
ete. 
aie Feet -n seus 8|OBlVETU: so yen xes « +20 BOS irs sient bresa tier ee ROHS? | wera ries dot cee: Oe Abs emi Grae Drilled for dredge, 
| ) used now occa- 
| sionally by boats 
PETE oh oh ahs'4'o, 6386: (Calvert.......... <“ a1 49 OL OLLEMa Ne cade id Osh ne hd tdaves.stadcc oe ee IACONO o a erin 
Sand and grave] Pamunkey ...... +18 DO” = iach Snes Calera NSLOWIUN Stiegl Or eRe RB eck hey en eae Domestie and stock 
PUBL aieactna sls see Galvertvtescc oes STR We siare aie 8 EMM Acie Rais saa ae Wwe semanas apie Woe oo. a~ 46 We nale rede sen's Seite e eee. 



















































































316 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 
Tarte 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
= on o 
g | | a | is ¥ 
oH | | | oa 
| | 3) = 
o a | = 
o = S } ta] i] 
= a ae E 2S 
& eo | | ZS 3 44 
z | tae ee PN ost 
t 5 | NS ator | tf oe 
ee : rm Owner | Driller ees? ce eae | | a | S S 
Postoffice = o |’ | z Ss 
NS ®D | a, | a 
S in] q | ° 
as ae a | = H|.0 © 
eK) et) eet / Gwe = a 
ss | (\ ice eas | eee ee! aisiy 
Sw (Rich:| Paes Ss E) 9|/+> 30 Wy G6 
La) | | Sl) See] eee ieee 2 | § 
fas) | iq; A |R |} A A} A a | A 
| |Ft.| Ft. |In.| Ft.| Ft. | Ft. 
+ BR 4 | , | . 

Tperiand Aue near S. |T. J. Ratcliffe & Oo..../T. J. Ratcliffe....... O 1889; 9 | 272 | 1%4| 268 | 220 | 90 
Bertravd <es+--sfecac-eevrre J. C. Ewell (2 wells).. ate 1S Oustet..c..sas6 O} 1902 | 12 2'75 rg AOR bee cone 80 
Irvington .....- 1 mi.N.W. Otter Creek Fish Beast 450 

= COP ans mies Cone ee RT we aS Pa AUB Rats Wa el sae cie 1O 1899 6 580 3-2) 580 | 350 580 
| | 
AngtON . s+.» imi.N v.W. ihe Oreek Fish Guano | 
PAM Nes | Gc. Sed Sd stse Seee e  e e eie ee 330 | 1% 380 |....... hee 
Tryineton «..ueer 134 mi. SW Est. ‘of I. H. Francis. atk. me Millisan wore D 1905 5 537 | 3 | iicie etoile dase cul epee 
teoiseton kee 4 ini OW tat. of T. Ho Brands, 4).c..005ss- 40 cade ceee tae 6 "| (S807 | ey deena 
Irvincton oe een near |W. A. Dameron & Bros.|/L. Rude .............- O 1891 34%) 330 | 146| 330 |....... ap 
Irvington .......) near (Messick & Gunby........ IH. A. Crittenden..../0 1903 | 4i% 450? | 1gl.:...|..0.0.- : 
| arnock NCE «a bie we Wen cete eas be ips aiaie ete s hoe R. lel. Milligan Ses witae| Dy DO0S ie ew a 637 er Aa Pree one ets || Ary -- 
Sapna So EA eae Winnie Qi ton es. eee ee ae err ere Mr ay A Pe pee te” | 250 A ee al er oe 0 100 
aster 4.ceee ea HCOUNER > cco as cade eeclee Hy. BUG caterers xe Mote 177 >) BBO oy Maney ats be exten eee 
Mee Pointe. near Gralié;. Jones &)OO.seee ote OE Welll., accom. Mil; 190201 .4 6s | 325 ZL SAG Wc seme a 100 
M beck s.5 eee near S. E./Millenbeck Oyster Oo....|L. F. Carter.........| M, 1892 | 10 315 Sul cease uh) ban or njone 
meee te “7 Graben Eko. aoe Wi ECCT |. oetent Rees Hot. Shiny vs cosy Di TOOd ee SOI oh Lilia. et hee 
Monaskon: .inesete eu aene.- Bey ol SPIO DOM warenute wh] cides tek eh Oe ans war eee |O/} 1889 ' 6 3 ee ees ease 
Mon askon seis salae enecisie wer Be Lew Marin Dolts sees bc cm iateaciatetio cry t croatia secrete nee eee 6 255 lisa ll'sins walls eens ay atetes 
OCran. «. is cee nesie sua JS Be BOHOWS 205k onye sch] is ce catunbyplemayegee ee el nlodihy 6 BOF, aloSchl: Mea siecewens ee 
OCLs sere aetna Melstone te Bellows & Squires....... Rie ee Millie ans sea O| 1907 | 10 660 | 3 GOO: li nccvecets 660 
Wells | .s.us caeeele tice scab one B. G. Doggett and Chas. | | 
COMANCE Mirena en meres Te RUdeeecis wee ce bE} 896.) 324). 880° | 156) S80 ee cee 
S's jeu ieee awa eee B. G. Doggett and Chas. | 
Es a NLA. anc Bates tua witte rane Ly) BUG i, seleds oe see ee Sr], SOWA, fv | 260 Eee |e vececelease 
Weems 1), eerie hte W.. “Mossley i .ioa anaa, 225 BH. E. SHMp saci ws (DD) 1904 |..... | 485 pa ee a 
WW estlarid en eee Bess ePArinholt so scnc cal sane ee item tes verted M)| 1896 |..... 443 ey th S ema Wiens Sc 
Whealton ...... 140ml WW |0 Ds AiO. 5. mensanapes es Hammell & Hale..... ..| 1904 | 10 244 134) 233 West eee 
Whealton ....... near Lewis, Lankford-Tull Co. Hammell & Hale....., D 1902 | 8 256 | 114] 251 | none | 214 
Whealton ...... near .d.-W.! Whealtom | ecaes oe |e sss halts eee ea eee 1894 6 | 262 136). os Aden eee 
Whesalton.s.kelnl eee Whealton Packing OCo.. 1894— | | 
wake (8 W6lS), wecndademedsens . Hammell & Hale..... 1903 | 4 | 265 DUG eae 70 
Whitestone ...... near 5 Wk x Merwin Bch on Unthe ah eA a eldcs, vaste aos Tete oC SER ee | 300-}- || ..s'c bls eet wn eS 

MATHEWS | | 
PitCheves |... cheese coue eae Witchetts pscaonay oka toy eat J. W. T. Robertson 1904 |. 25.0 LODE) Dey niles eee 
Mathews ........| neal COUNTY earns acre a eee Foe EY Shimpy..+.e.e DM -1905.| 2.) Sitio iae. 125 
Mathews :i:.d2<s0¢ fp) REO BT  M Svrk a star liae aor hge Mah oe Mes Hammell & Hale..... SL Ses ea 18 SOO" Wicca seliciicres latereeeit a weer 
Mathew, ich cee. Simi, SRT. Beare s iene eset Wm. S. Johnson....! M| 1891 | 8 | B00: | sccate cep ertoumeteralliaerte 
Mathews ........ DEAT, | As come steps rite toe tapes ae a Ge, | ee CCCP enieno es ee M1891 || 8s) Se BCO=en ers eee eet 

| | 
Port Haywood..1% mi. E.|Sterling Diggs ........... He B. Shinip ss coas om O 1904 | 10 M12 8-2... eee | + se 
Port Haywood..|11% mi. N.|Perry Lumber Co........ WEL po cee Nas. fs nates D 1907 / 10 | 107 3-2 100 Mea ees | 100 
UOT PBUCES. 940.15 ioe. imi. N; John M.*Oampbellizsiea aera ee eave ee eee DD} 1907. | 15 ! a10 | al a60 | ec ecchewee 


Plow at first 45 gallons 








per minute. 
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WELL DATA. Le, 
TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
=| 
CS 
do 
= 
Ss Yield 
Principal water beds g nae 
i] | 
= | 
cote | Quality Uses 
3 | o 
: mis he a 2 ik “Gaiam ea icy iS 
2S | 2 
Group es 3 
Material - or S's | Flow | Pump a 
formation 5 | 5 
| ss | a 
| 
Ft. | Gal. Gal bat is 
SNeUINClitg ore oteisrs ss ote Oalvertass. ssa: 3. +18 Me Rear Bil miae ar SSULITO INT Teare trac cetecerat hava cyst e ste ici «a ecsin rele islet er Domestic, stock, 
washing oysters 
MUAY ices sais as ste Cal Vertiare cases sas +18 DL Weleete. cre citi hetaaaters Sy OL Cae tarSyere aed Nastia Sool c/ as ar wre oto ersvatenaleVersvesuserelale) a Domestic, stock, 
washing oysters 
1 ae Pamunkey (?)...|+35 SO cee ae GUC Tee ere Ecos eas weas com icancwne Boiler, domestic 
and stock 
MEP Coie crayse's 28 bs. SRV GRRE terre amie colds. co. s elcde ves seleermeeitt SDIDOUL ivrscsatcincdevinsssveaasicaf NO. UsEO 
eet rd sa + =’ EaINOO OVI PP Aae Fe hle 89945. Las cee MoM OOM «tas oe acs oeuuieeecdvscwn ss ste nce’ ooeee (Drilled. for hotel 
supply, household 
acs RG RS OAT VO Greece cite?) ly artis 1% |........| 65 |Soft, sulphur Wee Hades iden oes ccs ee. c eco} tl OUSCHOLE 
Se Ee eee Calvert.........-| +4 Ler hele « two Oem Lee BILIDIAILES casa cess ad Devas eed s ods sf TID RIS 
ere Petty aie = <i sini; [ate otal ere steRel aint sis:</5 +6? 20 Ls oan eos. SOMRD ce aactitlarhs Seite COnbO OTE Een Ongbababavegs Agi ianiates 
oysters, canning 
565) Bt Cone ORee er eer cule memes eis 140. | cokes MOMS ERE fia ie mid wietria Go oo 'ue Sed >a se dese wala adh eee eR eetmaia ah ae 
. Saoheen een ae RG calves Tamme secueteteran cual] Psi nterctal teroy so «ts silis.'sce ove are eli Oeber aman e MERE eC atch ache kets ercher @ oletererd © ortlelal cies g 0:8, 0'o o eid ete allele sia gusta sielsle sibleinial sloleh aie 
+15 
fief RS ee MN POR ee te ee gle. exalt cv ones ACER BEER «co acieale se aceareedbecensscectnarcece( NO BOW, abandoned 
EOI eae es oo Galvettnen cscs salsa? Wn ae cis sn chert ELIT DULY Ske’ s gas dia cls ardgee bind Soe ose epee POORER LIC REO Ey 
| boiler 
ogee eee Ver ree aes fod) con vals vd su ks come LED AUIE tae soos Ao vane clot voce ctecvtcedecaci Drinking, cooking 
3 yy op ea NOEL aE ee CaF. <n occa fare Ro Pe ERI a coe ES eee oa 5 Xe wierd eh acre ag hasi tals 4 ouulbiae a de a rmdeid sid Bewelnichis'y 
boo ee ee Oalvertvicss.-26:)-F12 1 50-12 |. icsceeeliceese(SOlb, SUIDDUL .....0.0.5..0es00000se0e-|/DOMEstic and boats 
Bere cia iicts <<) Ly errr eRe, My x's ao -'u | ote aig ve SE EL, WR wie cinco Gl cule s/o 0 ve eaig net's ads >< cvshtca ia wdulinnWaNrl tMUS o.« 
i ee Ee Pamunkey (7)..:|ia.:.: freee a ee oe FS a dN TL six ch lS cia alha'e's whe «'o'« 0 8's pve ewig oe 
BED are hair «o's Ni Or ee DACOCULENE as J's 5... 7c Reel POR aR IE. wee cares Sods Laken gbsicanneaeed Fish factory 
ae Se ak Hag widen Galvertt...nc0s.s<| -6 TG We domme sal, COMO ba SIDINUE: jccrccxce cearatge sas secs ee (ULI RINg 
reise kere sels COURLV Gielen steric eis eit aa « «, 5 47a: all cc oeacapetorcucl ed ote eared Mere ar iat tere Shar si alah arava w/e a to, cles ola tncerb a © w -arste c ojalfWatacaie\s satel sVacaualenstaseip ogsies 
EE eae vais aivie «3m 8 LORIN CIEE wie cardinal iy lak eel (enema Nearibatis 7 28 les cas hill mension Coe ORIG Cpe oem RISERS iNET RO IE GE Ie nce ee eee ere 
NN ert al eae Sea recta LOE eal oe « ois nial soian deepens SeeMe COR okie ha Gc cacite ne sig vceee Guat sealaag’e No flow, abandoned 
Porous sand rock|Calvert.......... +18 ID. teeter ame SVabd eB aeh one Sa See CRRA RRs alone ee Domestic and stock 
Shell rock ....... Calvertaeiy cas (ides: 16; - Row tore BG Ge Epa Me oes bos crowns uae ee oe ‘Canning factory, 
| domestie and 
stock 
=e OAR ORL VM Uae ae ereietehN tart at ol rao a,etecp olic-stepa hoe at Ieee ME eae eaten ee cisletta Slave oe tne sidiceie si 2+ ssiee one (DOMOSTICE And. stock 
cb SOC Oe Oe Oalvertonvesens + <|-- 15 20 Dera es CRT SO) Cem SLD IMME meniids davtecenaoccenes er Ooannlines LACtOny. 
domestie and 
stock 
OO 2000 COC IOECE IOS OOUNEO CED DOLE TOR Be One Greene bases Cee Cas eee me Snide Pawnee vat centavatyuteces sO HOW, apandoned 
ey ee Banta ote ars ots Si NIALVSe Ghats edt yee ne ce nen 5) ON ae PRR eee ao teri eg ccles tee eee er ean e TAGLOLY 
Peete SATS ais. ga 3, 8ll stecuts @-suspeyariiase ayarey aiece +6% il es testastsl oe DOL GeO Ul MILLS acta lari aL ile clevivise wares aa DEO RID 
on Oo Oe ares Ber oy Ae Re pC en RenISeeg Prec ea) (cir 2) | a ea ‘Never used, no flow 
ARM icra, ieteton tsa mata ein eei neice ateld cate lis Gels « ous |e Sace's ees [incense lac cacreneccrnnvenasssccascasconcscscacaes 'Never used, no flow 
PO eee e ois s ci lis a esicl-tesiaive vce Cothtsais ¢eellonass cus Weert ee sree fGl od cietatel CERNE eee cpettels etec ik cotale tig race Havas rom NOVelP Used. LO. flow 
| very | 
DIVES ATIC. Se ic ote Ste Maryaa Chics ieas5 1 hv. cece be sitall fo vse PULP LUI Ie et arte clio te ee Feslstoie oie wlere ae ttiet Abandoned 
eee eee cae SCRE LAV Ars ete MC ) Wheaic sc cats 80 | 58 HOt mn teers seas Hem etn cies sce coe aoe | DOLE carinking 
| and stock 
2 haere NS APE NLSLIL VS Pee reeR RINE ARES) -1oia) iar, Wisinrsie Siar RENO LOOM Me aieembreahitie sts re cakes aso s-c wo aoa DOMeStIG: ane stock 
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UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
















































































: é 2 ee 
i : ae 
2 
= d 5 
o = CS 3 =) 
=] Be se e Bis 
s 3 | 8 A 3S As 
a 3 3S = a 
= o Q — 
County oT = a | = fe = 
and _ Owner Driller we hee S = S 
Postofiice = 2 3 2) = 
F 5 b = s ‘ 
g& =| 2/8 Eibaee se o- 
= > ® 
Be s 2 eS 3B g| 3 S te 
He 53/ 3 | 25 a S| § Fy 8 
a 4|aQ |e Peat ien jevee fr 
MIDDLESEX | Ft.| Ft. |In.| Ft.| Ft. | Ft. 
BUTE DY. arse sis od he a0 p eeewred aay oe CUR oe aul aie OREM ee fe nae Ciena ete sellete elie ecersie a's eared MOU el tes al ietaee oie eerie cage 
Buty lONascceenees “Temi. SE BY Glas Parinholgonti. sestrl ss ccy meee peteaslce seettonte MET A895 10) M28) TAG) See tleteters A artis 
Ort aes eae ‘Ymi.§.E.|Bland Bros. .........e.. Hammell & Hale..... Diy O02 S| aay maces 1%4| 242 | none | 218 
AY DOTE. Seek chee near |R. H. Bland & Co., 8 1894- 260- : 
1 WV GLIS! Tt. ecient ate Cesarean Hammell & Hale..... O;} 1906 | 6 300 TIS! spueiieae eee arieks 
BAVDOTE 2c. ce ee near |B. L. Farinholt......... Tsp RUGOR poe ees ates ie M; 1891 | 6 300 TY ore Vikete- gees seis: 
| 
DEW cones cutee 1. Meare ILS INGISON Sea cavieee aterm He RUC Outs ett oelenes oretsiets O | 1894 | 4 297s VTEC ae oer tip seeder OO 
Sandy Bottom..| 1mi. E. |D. A. Taylor..........:.. J. W. T. Robertson|0O}| 1901 | 7 Ck aa 75 35 74 
Uebanna’ «2. eee iG. S; ‘Chowning. 21. 5..4-5 IH so E. SHIM ps. scares | O 1900 | 5 250 19g) boo sa aaa sees 
Urbanng «|! CUpeiecaeeesees IGS Wy Warley: scd.caee es Ry EL, Means... D| 1904 |..... 478 B fecees |e eeeeee 800 
| | 275- | 
Urbanna ......5 Pr eee G. W. Harley, (2 wells)... H. E. Shimp......... D; 1901 | 4 290 1D eee eee jeees 
Urbanne «.’... Win aeeeeatnee G. W. Harley, (2 beng | te © ae oe ee Tee 2 Pelisers ry to airs Li eT ava 70 
Urpapna .,...es9 %mi. E. Hoskiss & Donaldson.. 1G. P. Beazeley....... O| 1896 | 6 272 }2 | O72 |eh sone pene 
Wrbanna: 4... alestee eens ‘Urbanna Mfg. Co........ Nee dev seg oot bank 4 be een M; 1902 | 2 2TO? TG lsc cclecageee lesa 
Urhanna Vj eee eee iG. V. Wagemen.......... IG. V. Wagemen...... -.| 1905 | 6 232 14]... celececees iieisa 
NANSEMOND 
Chuckatuck ....; 1mi. E. |Dr. Livins Langford..... ‘Tom Johnson........ O|} 1906 |.....| 188 2 | Fale dldeee <n 
Ohuckatuck 0,0 224.4588: | did SME RE nek site one BR Jeter eee res eee nec seen eens M! 1908 | 25 | 300 ....| 300).......|.... 
Biverets. ih vae' i mi. E. Josiah Gray .....0...0006 |E. E. Wagner........ |D 1904 | 36 | 100 1Y| 50 |. ...eee sees 
Fiverets (1). / 5. 0eeh Gea emgee IG. A. Greene.......0ss0s |E.; H.. Wagner. >. Dj .1000 ey 90 Ty: eae pone 
everets 2c..5, als teu ene VET jp BAVICOTS tegen Ee Us VV STIS pn os pare D)| 1904 5 50 14] «eva ejeeewees aotee 
Hverets: aoe eis pe ee Ty Lae SAUNGeTSccseeces Gia OL, OR TSON ser et | O;| 1896 | 5 54) TE BONS eee 
Hyeréts ) |. J. Svea aaeee bane Bio HS Wadimerss.ccs thee E. E. Wagner........ 'D 1900, 8 100 1% 100 50, 80 80 
Reids’ Perry -APeieeres eee |Nansemond River Brick | | 
| ice &o. TEMPE Oo FIFE eRe BRN hee eid bth eaten eters 10} 1902 | 25 150 0 De ees Vateverseeets adie 
Suffolk’, 72" 3 | lmi. E. A. B Cramer: Sci «ee Oreamer. si. eek oe 2005 6° ||) 258 atta eee: oe ee 
MUOLK: os ceca domi. N.E.| Gay Mir Covers Syanor Pump & Well — | 
POG Fe ce eee ee td erie | ..| 1896 | 55 BOO. Tle seeks caves ecw sic oe 
SuflOlke: ee ee ee ote ee ae ee Leach Sgn eee eda Oe ee ered LSE Bie rates }, 2BOY Walon Mbaraeree an Be eee 
SUsiGlK 7a... ee loka wea asks \Norfolk & Portsmouth | | 
Ur action MOOgmEs suse Gb Pump & Well | 
DOW eect veek = eniee »-| 1901 | 58 803? 6 6502). 0. aie ieee 
Drbseona’ 4) foo | sw aTe rate LL. Bit OWagemany...2.6: WR CA ANTS Cag ors. i ae | 5 O50 S5er nes eee «se 
Urbaung Wastes Tae) Saar Peer ph Pe Per er reo ik. H. Millican.\ceer. DD} 19065). 10° | G00") Wie eane _ 3800 | 300 
WW AtOrVigw Os) 1, a, een e Powell 3% 2800 o..6 sse0cces iGeo. “Heflins eh cererce at 1906 | <siteng 350 2 View's tere eatelenerel eae 
NEW KENT | 
IBOUIEVATO . ca:2 cise eee eee Wives “Weber = 44.02 twine oe ‘Sydnor Pump & Well | ) | 
| (02 ka ehterisa eee O/} 1902 | 22 260 4Y 265 | 224 52 
Hanexay. 23 2k. ar ee Ja EVO DOLL LL LIEIGL a oteetenuntes H. E. Shimpi seers oe M) 1908 |28(7)) 300 - 91°24) IO eee ane 
Pyotr onl ene ‘Richmond Shooting and | | 
Pah biel shop we Glebe em yyy yh 5 \H. By MS DUITIT tees seeteere D| Re cae ee 225 Ly ol ica ssileds cede 220 
Plant SPointe sees near. iFrederick’ Knoll |. ..7...- belo? View SrAW ee acer ce O| 1897 | 9 150 136) 150 Jee 35 
Plum Point ..../44mi.S.E.|J. L. Richardson........ i\Frank E. Pearce..... O| 1891 | 12 168 1144} 168 | 120 | 165 
Providence Forge| % mi. E. |R. E. Richardson ...... IP) MH Sweet. oss ee M| 1896 /25(?)| 215 He Bes eta anriae 100? 

















‘Initial flow 25 gallons per minute. 
>Flowed at first. 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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| laundry 
Saath pitt oO, Oalvertimane ne celia. Se Wen Az peu ctadh, Mines CAA sc ROR Ge a A EG o's wiele« se ATUL eelg > 26 
| boat yard 
UM ete ia tlc gk a 0 Pamunkey ......|+25? (ORD Sree ren i: Me GE Pe er nee le edly aes e's «s/s opin vias DL oe 
3 lee Ae ee Gale Cum mee Pentti «sole slat och OOle IPee eine dclckicee cece dest cone atecescend Making Iee 
deh us Calvert...c.0.s..{-F15 | 8 LOR Gam ieee a nUNe are ey sate PECTS dese trices y says vielateia PMLA KID eC 
oder rock .....:.. . Calvertay concn: ts +12 LE le Tere Ine Were esis SSOKE Wp ULL PLLULI Mie tetereretete ede)s olel ti ajeter nies’ oist ole Boiler, pickling 
cucumbers 
reese erated steed cick. os CALVO eeNEE Nee rl k oaccceshacseor sels cere LO OE Ee SULDMULT MR er am Welds tea a6 e's e's iaieeles| FLOUSCHOLE 
Seo hy! Gaon eee @alyertiin:..s...\-5 10 Dae net eres ose nee tee ReRR eM Re a ticle ere ici biard od 6.0.0) s\dsahelolvtccmns a Bred er Mem sree ete ee o 
St). Gone Pe mie Meee ee Salto tafe is leans ltt el cers Oh Seas aa e ME Wy nate e teehee c cae cares (NO LOW, ADENGoned 
DaacSlqent le {OS AAO ROCA Seo ncr ear SEO gen iat. siara' aha ol sect stack ete ol eh see) eI GU penetrate a foys ins dis Staiig o erania:a/eisiae'e ere sill Q aussie acters ee sciege elie tee @ are 
Bet MOR sins aig W's whe SLMePeL ELISV Sten teeere a ety gmlface «0 es elllcteret siererecsillete ere cllieee eben lake cis hia cree o aleve Cla's ctte gas nie eres angie EL OUSCOOLG 
A aS Aenean Sinema VE chy herent eke eres cine che aia cecukssi aide ue Ie Nee OO AR MTE Ns iia piety ctie chile «casa alsuien tl LOUSELOLG 
Ap eae SOs NEAT V Bas ee | sie oe bee an ES 0 OL Vie PE ene He ta ct reareins a-chysisic ans > «(nee LOUSECOOIG. 
OnE (a ain St. Marys....... +9 ¥, | eure. RSE Sue I ALES Sek Ce) Ok aie a nae Household and 
| stock 
White sand...... St. VRAIS re ey che +15 2% | SE ce ON Se Loe SSCs Gammen TNR ER tater ctevarscerelas ac claysie scniee a evasala Household 
RS Lien cir nt seater eter RSME Ne He 0d evan e/a jeslterarctedeucrei tah ete et oie uereleita dis’ oleh alot aroha MNGi Suwlawia Heed nese bowen No flow, abandoned 
NEE ee itso ths lets Shain ale Pete ee elle eas aie. oo o-8.0.a'% layed ale tals We chet Hida On Gt ink ole aida 9a Vine va Viele pheass none vee NOs LOW OREO ned. 
Beene ert es Sat scia| Fe aise rttone ara Vicia ae ine heres |'@ vm cie a esl doe ole ole ee eye) ete te di ee a oo el, Low eeabandoned 
reer raos ai, lin stein eaten otle Fess ook Lice ies [ere vacie-ete mpctele om eaetkdla were y Mee yariehls vk's as wikle esr eare Wel ee a\erne hn. wae ‘olace ce AMET) ECR gE LOC 
| | 
SEETI(GN Varah nage UpperCretaceous|+32 ........ ere Shame IRMA ea MME Ce AS eM Aa hres sociin dae. ar Arca Gestational cues tated a Iee making 
cy ye en \Oalvert: 2)... Bry Tene ty OF TE Me A CUNT PRs. ewe aU ae belie a uteoe coun oa atk eda nnIy wT ACLOTY: 
Se ot ohieeg an ae |UpperCretaceous|+34 |........) 105 67 Ry Re enero se erie ch orn tate sale icici SPN tin COM DIOLEEL 
RGM aie x @ win cia « IB ae cay Wee ee ede eee eli s Mie dete HIN inetd ws ena vp ees benny s daewoo’ be Pax ominindt aes gig deems phiae es 
| ; 
| 
| 
NOL Nae eee os Pamunkey ...... FES” hc tad cuap hel hace sraraheeetel lee eet. et lca SPOS A RET GEM ACR BANS PPT a ATA PEST | oc ae Ie ek a 
SO REIOKG | & che SA Panu ke yay oeenion Glen I oeskean Sceetecd b2rt Sender EPR ARTY Ct ea yah re See rt he OO aS aaa! blair if Dee DNR in ee Ama 
| | 
White sand with | 
LOE CL eg pee IPAITUTKE Vc este +40? My Nea in ree ean Ge oss aint chic tet Rreee ic creme crc ours Ml ne amalesle ae peialay tv ase & 
Shellyvockey oo ss. CBR AD EAE. teehee Wimeree ans steers eters verse ¢ SMe WGI e ghee saree cle aia te atatere sto etapiecere cacs's Domestic and stock 
“SB Ta lot ees a Chesapeake ..... start Pes ho tos Sis eer eticin at SOL bre ee eae Ne Gt meee Ses catlne viet ‘Domestic and stock 
“cis aE ee Parana mey ae es reals dee seat COCR Tent ar be vane Oy cer ta erens seosevamaduees ti bOrg,  NoOuUsehold 
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COASTAL PLAIN PROVINCE. 


Taste 5 (Continued Mieke of wells in Coastal Plain Province of Virginia. 
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Providence Forge % mi. NW)! E. Be Downs acu ue. Sydnor Pump & Well A bees 
Providence Forge)........... ‘James Obristiat ¥ores sa H. 'E. , Bhimap 5.00.0] M| 1908 
Providence Forge|...........| Southern Pine Lumber Le 
| OP eternsaaieie vis ore ciote ee airatetoratl cus, sonrecm verses ere eters ie ole ret meee | M) 1907 
Whitehouse ..... near S. E.|Southern Railway ....... [Pc Sweet. .ussesss| D)| 18938 
Walkers Ga.eeee near |——McCann ...........«. Hk Shimp acess | M) 1909 
NORFOLK | 
Buell 2. deer eleeoee hee ee K.. o. Barneyy Cots. «.- PRP Pee ey ee ea Ra 
IB tlle Beek eas 1%mi. N. Pocomoke Guano Co....|Walter Goodman...... O| 1906 
Biellid..s4aceeeee N. Roanoke R. R. & ze 
EMPL LOO. Wecineis gcteavasel oe are semare pelie ea ecto eeane wilrateiaves4 
Buell % . ccehaeeeealee eee cee Norfolk te (Ole as (Arent ornate os crc LWA, Seataet 
Greatbridge ..... 1% mada 7. sees 3 | RR See | J; Hem all eeacc cee O} 1902 
Buell iio 1s ees ee ek ee Ls Seed te eee ya Ei oe een ee 
Lambert. Pointha.....1e1se. Norfolk & Western R. R.A Tees Millercew neon as nie 
PINNETS AP OINGeseahe es as eee Va.-Carolina Chem. Co.|J. H. K. Shannahan ..| 19038 
Piney Beach..... %mi.N.E. Jamestown Exposition © 
GOT, teak Ocha boaes stad emoets ipesote Mfg. & Supply 
wee et: Wr a Wehbe maw oh la S Otero scsocsen cao O| 1906 
Norfolk! :. ene one eee Oe Ea heer tear we Rene AR TIRE SARIN fe clas.” MO ese 
PortsMmouEh \sveee ces Portsmouth Retail jal 
). MM ber, “Oorporaiion sy: ss ie. aevas gs oe oa oee ce abe --| 1907 
Hinton: Wise es Geo, §. Bunting... . 22... eo. S. Bunting..... O | 1890 
NORTHAMPTON 
Cape Charles.....144mi.SE New York, Phila. & | 
| Norfolk R. R. (24 wells)|T. M. Ward.......... O 1900 
ane Oharles se iitaescteus ct Wharton Fisheries Co..../R. H. Milligan....... D 1899 
Oane Charles aden... eo Scott: Hatate cc. | 
‘Town and 17 wells...... Eclipse Windmill Co.| M 1886 
Oape Obarieg... pete sees en \Hockle & . Relldgy. i720. olen deavens teen meee i i 
Capeville ........, 8mi.E. |J. H. Roberts............ J. W. T. Robertson|O 1902 
Oheriton, wowctee ieee ee hee. Neh oheh WeiterR Aaron feta. Are Ena Bross tee cae Olle es 
Moekham” Island). casass tes Vis ontasqussacvecens ae atten: J. W. T. Robertson|..|...... 
NSSSAWROOx fecal eel iw. A. SONGS (CA CWelIS) och cee es elem meneame O 1906 
Nassawadox ....|244 mi.NE/Thomas Upshur .........| Ww. M. E. Tilghman| D} 1904 
OYVStEL ot Geant near Wi La VOS wae orette oer lJ. W. T. Robertson} D| 1901 
YSTCT. wc .0ne eal eee ances Wipe ve Le VIB ers we cteecte J. W. T. Robertson| D| 1901 
Oyster“, Cee see W. T. Travis (3 wells)... J. W. T. Robertson) M 1901 
Bone Island...... 8 mal. Bi. JASON Starks csses nears \estaua ager uss 15 ..| 0 1906 | 
4 
“Willis “Whart. (21... acne. We, Ballard: sco J.T. Walkley........ ‘D_ 1905 








“TInitial flow 65 gallons. 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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stitetel S29 Gasca Pamunkey ..... tb272 Ueto b-vinalaraic enters GC ENC oie. chad siete leisie «ofa peiyeisictiatsisla's;a'cq'e wines Domestic 
NAN Ge tes ~ fe ok. Pamunkey ..... 1 | i a I © 4, SE ey a iy See anne en Domestic 
SING ty acs ke ‘Pamunkey Sheets HS ReeA De laity s, <.cs:lonarcracels ele’ | Gre eke letenMMMPOER Pte wi cia eco ttee ae vie cree ny Clasnisine Sl cia'ea ec mais .0 Drinking and boiler 
Blue sand ....... Pamunkey ..... |+18 VY i esveeeee ceeees es tects calc ahh- adenine ans (diets Domestic 
SE UG Sas eae Pamunkey ..... OT RB eRIOR lamin ss 61 OChGbS-01 5 CA A co CARGR AG EEE CIUCII CIO CORICEIO can Domestic 
et SRA ee EUs babs aia 5 <inf'as s s alk sete MEN ee POs ni cinte oidaick ocean wes deed swedehis s ie aera agg? 

ANAM « Oolurabial ce. EEA) MMMM Vs, oy cis eilcets aua-atareve dorereerey Babee: Gapnendte AORTIC DORE Speer Boiler and domestie 

alate ca steak c CUGITARAN DT Nee crc listers ails «5 vio.< «| dicie walneal Wreete SPlpMig le Osa els slew we al giesdda ale nieicinagcccedey eas Drinking 
ECE a hanies Oran tee (NIA “he OBE Mia GmOetOC CCE UGE CEIOR Not used 
CRA VO lero aes os Pace <a ea. k's te a HCI GTIE wiaieeine's)|awiarsta ces iLO MMM NMI Cael STE oid Std a a'ciereiels eta, a, cro. eee) e's «aig Domestic and stock 
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eee OE A. Sas i'n rye Sie aT cscs cotta on erro ks new PRI RAUINO, “SAUNG! Ca. cages cp necce cot nvedy gguacae cw nedual tucwee 
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Ta Vielawcas eats « Columbia ...... Pe cA Ie aie crits Iriaiet rete ncateee ttel era mee aPete sileale teleielec sien ois Keleisiinte.s: Slalsisiera vies tlfo saleinies aoe esivlde Brenerare’e 
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Rare raiewn een x Of j\Ohesapeake .....|...... Nae Naar ae Ma aoe CUD oY <'e ho davleae. ds we veces «| UOMROSEIC 
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Shells’........... Columbia ....... |, Aes Le See Ts cotta Stairs. t mE SEs CAROL fue oh See eae NCU eo at Sear ‘Domestic 
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Tasie 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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Bond  Potati fiw eisaee schon Sus 25 Pea tea ehe eae) Le Rte yoeGeee mien ask hres eyive 265 | 1%4| 265 |...... st ieee 
OORI es. a oeomees near 0 Ser Sr allin gsc eens Dy RUG ius ad des esac O} 1888 | 58? | 265 | 144) 960).... eaalteere 
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Fairport. .se.e5< near S. E.|McGill & McNeal Co..... R. H. Milligan....... O; 1903 | 3 | 690 | 2 | 690 | ....0. nea 
Fairport 2420 Sohiseveseen beeW Reding id save ee emer J. H. K. Shannahan M 1998 6 | 662 |... | 660} Secon + eS 
MalTPort here se eee eee |Morris- Misher'-Oox Ueencie Beste sate Aer pe ev arene oo | 308 WATE Legere he sie 
| | | ©) | 
| | 400 
/ 692 
| | | 710 / 
Fleeton ..¥.eee<e % mi. SW|Fleets Point Devel. Co.../R. H. Milligan....... 1O} 1904 | 8 746. | 2 | 746%). . (Ree 
Fleeton «ccnsunenieaeas cs exe Fleets Point Devel. Oo... R. H. Milligan....... D ee eee 690 QD lei eetlecsunwe Per 
Heathsville ..... Lani. NWiiG) Snowa..1.c. aes B. EB. Boothw.iuss- (0 1896 % 265 2 | 265 | none |.... 
Hyacinth seeaee 2 mi.§.W.|Roland Park ............. Ohas. Hii ones: aaae. -~| 1904°] oh 27002) SG le ee meee Anes 
Hopeside ....... I Sais yerers aie areas SieAm Wibittakers ce sc. cess ISieAS VWihitvgakaier cece ba 1904 | 8 365 4° \, S654) sce 20 
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ewilsettar vin acct acu comae ae Gaver) BLoOsess. ee cen Pt Pe. Osh See NEAL Oe cls 5 5 ZOO « - |(ecietaltetese| eoeeeree be 
Lewisetts: ccsisectssameme csv iC. R. Lewis & Oo....... J. H. K. Shannahan .. 1894 ..... S17 || 6-2) wel eee tee none 
Rodger sere. % mi. §. |Benj. Ohambers (3 wells)|L. Rude ........0..00.| ~.|..00--|oees- 255 1% 240 none | 100 
Mila: eae ae near (|Hinton-Toulson Oil & | | 
PRU ANOS OOmMee a eeerite rs (Reel. Milll@anasswe: iO 1904 | 10 635 3 | 685 none | 600 
Mundy Point.. .| Ais av panne ols s tonacuh whee sreieeacansaede let et ee eee pe nd eo 270( 7) -2 ieee ee Shes 
Mundy Point...) nearE. |W. J. Courtney ......... IN. M. Shannahan..../O0| 1899 | 6 | 268 |6 |.....|....s0. ad 
Reedyille \.-3...5, near S.W. Edwards & Reed Co..... i. Ho Miligans os. 10} 1902 | 5 | 685 2 | 682 | 350 |.... 
Reodville 5 ices kn i adl Haynie & Snow Oo...... fy. cre Milligan....... Emma a eee 683 TO On | a be, 
Reedville ........ ehesheuae shyrre ass «Our Pishersk cute een ek Rae awMilicanws ees ME O04. is oe ac | 698) 12) 698 tee400 Sale 
Reedville ......:. Liha ade ne ‘McGill-MeNeal Oo......... R. ‘HH. Milligan 777.2: D}| 1908 | 3 | 680 8 | O80 Ysera. 
Reedville ........ near MeNeal-Edwards Oo...... (Reo Bo Milliganceeecs: O} 1902 | 5 682 2 682al Eeer eer 
Reedville ........ | near Albert Morris ............ R. H. Milligan....... D 1904 8 724 2 | 690| none 690 
Reed ville oi. see eseemncey ne (Morris: &Wusher’ Oo... cis ls pee on ses vorgege eR fw Mecleeans eae eee ios Grier) Pore sees 
| | =! | 
PRINCESS ANNE | | / | | 
Virginia Beachy. 1.0... seus | Princess ADNG HOU] sesss hes Peed koe piweae teehee --| 1890 | 8 Cb a ee no bey co's ae ae 
Virginia Beach..|........... 'Pringeas Anne Hotel... ccs|e- «cad siisae se wee 2} 1880} 8.1) 600. ee teen ee aaa 
| hres? 
| i. | 12- 1,227, | 
Waterway i2\hh is \Norfolk City Water Wks.|C. L. Parker......... ..| 1898 | 11 1,750 | 416/1,480/1,750 |. 
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ee ets e cee eccctennn (Calvert.......... +6 4 | Sa Misiecarsleisini cin tints sidisis ta aelAaiepinane nis 'ee + +++ | DOMEStic 
Basted sey = ‘UpperCretaceous +35 Tait Rete is #2 Le ER Rt ook ae Boller at fish |, 
Han ¢oie..;.. 0+. ‘UpperCretaceous +30 1 Souamn Ripeeta Sapa A yen Aaa le hi ea gh ee ACCT rain 
hi ea eee |Calvert (?)......)...... SRA EMI ELD ple Yoel: SEEM RE Nic. ee Beh. ve I RR Se SRG: eh ae 
Sheneis hu a Acaee aes UpperCretaceous +35 40 PSO RG ICAO ee ee itny aioie ps, wis ate 4.05 Sons¥ 5 Boats, domestic 
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‘SETHI Neve ean oe \Galvert Cf)'a..-. ; Dehn 38 BA Senay Soin SUM iMme ne et enre ies cierto eters cava Drinking 
4 AMA oi Ror Malvern tases os Ae. ha 1y, | Wediiatctivctsi eee cee samen ae tisre hss sian s nanan sel NOt. Used 
rte ml GAN |Oalverter inn 1c fice #| nergy cole nnae can eee | eae Ba inetons yl nese pete NOs MEE aia Pant liege ae ae a A ey Libis A 
RSrgeM OMe aon Sialcba a «cea: cists areas Bate ols ¥ stots Aasiete 3-18 Weeks Ca ChSRC CIE: GEG Ei7h es IOS OREO HERETO OR Ie ME Iti ne 
SU eae a rn CAL Ve ineat cyt allie < oe 17 eae Cor adn ae ates eh erewieS coe. t, Mae edie, ete Mane ee 
Porous rock..... \Oalvert. eas. ss Se ge tbea iors ahsiecsliaicie e eter Slight sulphur ............eee eee eeeees Boilers, domestic 
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Black sand...... ‘UpperCretaceous +40 45 SO tepren lca Wee wah itste ci cht cs siaretere So elmer Fish factory boiler 
Te arse Aa Glee OCAlVGttneeere oo emicors ch vhs bec! LS Otte ela ma ranean Tenis age cd's emer SET OMsehOldralLa 
| | ) stock 
eee et. eh TOALV OL biiek, «sien lalate ta PM Te oh Gate lo eke aya. & Soft, UCU OM I Aan y d ory ebey oratalia oe 78 6s 0h Suet Washing oysters 
BPeTEC Gere iare acetate UpperCretaceous ...... 33 NSS Cl CAE eee el Se a tees © tier aatea aes eee ate] Fish factory, 
| _ boiler and drink- 
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2 i CR aC ee UpperCretaceous|...... 45 Bil ee atc aie eeveaie ste! ote tela Catia hi sto iver sherieveilst aisles, isle Asie sieve wis sib ME i ats ayaa ad e\ctsue! pcheetelens 
nH AE OCOD OME i Ea ‘UpperCretaceous)...... 18 sapelnas Auta sin tinea sayy aa tabi vayie's olde Heh dle wadea aap den Oe 
SUPLTT Cl tet ects se. a7a 6 UpperCretaceous|+38 | 50 ‘Soft Petr ie seaelote ars ake acetaletel ciara tase ‘Fish factory boiler 
Sand and gravel |UpperCretaceous +25 35 Soft, alkaline ..............+-+..++-++»/ Fish factory boiler 
| | and drinking 
SI ads Gee ee UpperCretaceous +38 40 IS CCE Umer NE a tare dinlecnh Bie ores rican seh ake wate ‘Washing, drinking 
Pe tee ae eS | DDETOLEGHCCOUS |: lnc alle sco ss | SNe tia er eo tisa es ivisle mais ¢ o/siseteis sie LMM AM es oad 
ER he os shuls . GULL cease eM s His ook (GabbedSellaanta LON qontw. HA ecmanle ddmometita end snl Washing eter; D0 
| longer used 
Te ea eee ear ara tie, oP aie de aia ais ia toe. wa |'sie. es ao ein] seve Gra af Mahe Y slate hi srnleislals Hine Ge Cela see esi eid ies. 6 S10 aih No flow, abandoned 
eee 6 peel ee Upper Cret’s (?) +25? "5 1S ULI Gi mS UL POVULY pats caste, « oe ic's ahaa io aki easels aie ‘Part of public 
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Taste 5 (Continued)—Data of wells in Coastal Plain Province of Vurgima. 
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PRINCESS ANNE | us Wate” ia Teg | 
rat, | | Ft.| Ft. |In.| Ft. | Fe. | Bb 
Waterway ....-- fale aie ener os City, of Noriolk.o a. s.- | as cae Sen mao a me seh ABOL Ye eee 730 6-3} 730 |12, 300).... 
PRINCE GEORGE | | | / 
Blared....c2c 2 mi. W. \David Dunlap ..........6. A. oly: Davies M| 1903 | 65 | 307 |4 |..... 60 
City Point...... '1gmi.NW |Misses Epps ..... <oeen ees edge Pump & Well) | / 
| | (OO v7. cee cae QO} 1905+) Sel sees / 1038 | 85 108 
City ee Ota eter 14Zmi.NW |Misses Epps ........ settee secre erence e een eee ence COM b ress 55 5s eS oo \Stestentets tse 
PRINCE WILLIAM | | | | 
Agnewville ...... | TeariE TRULUS Davisee. weecscns « s|ELEDIY: DaniolScten scents ticlsecs cial vce ee 65. 6 | 45 Bere Bick 
Myrow \s isecceeee Ke aateaae Washington Fertilizer Co.;W. O. Miller ......... De 1908 Vein 257 | 4 | 288 | 167 | 256 
RicH MOND | 
Downings ...... lhe Sage etstore cies Wis BUSH elem em eeaees Hammell & Hale..... :.| 1901,| 8 241 LY) 282) a octane 81 
Evondale «.<a.ss | near E. |Mrs. J. H. Lemoine...... | sisteve Sacc.s int ets irae ee eee a 0. 1889 50 254 DAO) occ a | erocdherdhate Acer 
Naylors ...cseccfecessdsseeqiA. A. Taliaferro... ..s000) H ee Shimp ence. T1904 Sse 320 71 Wits evelesaeeere aA 
| | | | 160 | 
INAVIOTSs «cc.ccetee | nearS. |Waddington & Holme...|L. Rude ............. O} 1894 |..... 320 | 114| 225 | 250 
| | | 160 
: | | 250 
Naylors ~~. sees tn near S. |Waddington & Holme...|L. Rude ............. 10! 1898 | 5 | 886 |! 1%} 886 | 290 | 886 
Sharps /éicche ses ml, NWils oy ve BATDOT: isiusco mak Li. Teagele wn a eee O 1899 15 240 146). 240]... tere = ae 
Sharps 5. csceeet | walt walsie eet Eyres Davis............-- Rees, ehvcee ror. Lu Meee een ye ea ee | 200 
SHArps (5 62 is vkbedl scan skeet = W, DOwnine sc 55.5 scan ssn] eu ke as tha sh attantids tbe N Gls ucae Ts tes & S25 Wee wf Sues 200 
Sharps 7a... eee er 1 mi. N.E.id. OM MeOarty...ccssscres Lie HUGG are arcc an carers O | 1894 10 240 | 2 240° pocorn 
SHArpPS) 4.6 seves te 4 mi. NW/D. W. C. Sharp (2 wells)|L. Rude ............. O' 1890 | 4 212 116) 212) “SOW os. 2 
Sharps .......... eis vanccehis Mi. SORGPD 55% Nap smnies basa Lit BUG Sawant spew aes Olsen’ 3 | 280 | 1%)..... Lee Se _ 188 
Sharps”. .22.2.e0 i4%mi. NW/G. L. Smith & Bro. | | | 
(C2PWELIS) Reta n cctemrciete ore IL. Rudo .....<..+-.2.|O}| 19038 |}4+8.| 245 Zin M245 eens aeore 
| | 
SHATDS Viavesusaes (4 mi. NW|J. B. Smith ............. (EB ade: ides degeyt ..| 1888 | 15 | 255 | 146] 2507) .0205. 
| | 230 
Sharps. ..0000ee1s's gg RNIN W stapes sasulen ess oe cous kar Loy. TRUE: Bisutcles ictal a D; 1907 | 4 440) 146) S65 ie caer aay 
Warsaw. 222.2055 “Banik ES Ee WevGarland? coe. 1... + Rude* svenccasckers O} 1899 114% 188 | 2 | 187 65 | 185 
Warsaw sie.ceclearre seers E;) Ws sGarlandsi.c-eese. « E. W. Garland....... -.| 1893 | 10 | 68 186 68 }..550m% Ps 
Warsaw's... 31a. 8mi.S. |W. A. Jones (2 wells)..../W. S. Johnson...... -| M| 1890 | 22 | 200 146| 200 doc ewee su sie 
WVATSAW “2-2, 6c07 pasmiaS.) a) Nts. kh albachwee. cease. ———Hall6 ieeesativceccs O! 1906 8 ISL, WIE Aaya eee 176 
50- 
VATS AW) eee cles 8mi.S. |G. M. Sydnor (2 wells)...|\——Hale .............. oe} 1906 }43 180 1461 177 Wsaehaes 177 
Warsaw ........ 2mi. E. |Totuskey Canning Co..... lf” B®. Shimg..., eooul! ML) 1899 |. 5 RT el aie eee WAAR Soe 50 
WATAaw> Sis .aeen Veedinsncce ss Frank Garland .,...5..sss Hammell & Hale...... Shek! 148 eee 165:. iiew de taesea okeesonleiine 
Wellfords .......|2 mi. 8.E.|W. G. Brockenbrough..../L. Rude ............ QO) 190871 | 366 | % | 366! 180 | 300 
| ) 1 605 
Wellfords +... svst isin sees ss H. T. Douglas, Jr....... Hammell & Hale....|O, 1894 20 | 227 2 | 227 190 . 
Wellfords <....3) near. N. | Hrank Garland )..c-.0..5 ‘Hammell & Hale....|O;} 1902 | 4 | 16) 7} VAG) 65 Wee eretecd eee 
SOUTHAMPTON | | | | 
Arringdale .....| near Camp Manufacturing Co.J. T. Moore and | | 
(4 WellS)) ca cut comet Others cuceeoseerer lO sO ue 80: 75 1461 70 We eee eet. 00 
BOY KING y: ie. sateen’ otsecenl Ws 2D Bardens. coe teeta et ace ee ere VDL ote liteee 90 2 ivegdaleaeet : ; 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virgvma. 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virgina. 
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TABLE 5 (Continued )—Data of wells in Coastal Plain Province of Virginia. 
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etna fe 3) ai reeie ste s elesWin nie sls cherbie' Vausransie -« [ierateus,« 0.¢.0;] e'aren'.s 0 |arereieiene (PEELE REARS Soa ne eh No flow, not used 
WE SEEDLING Vine sche |ronelens 3 B56 hese tis > 3 OAM ERTS eters hem ae ROR eek eee cle wie biaverel oss Drinking and public 
Pamunkey ...... jae 36. a escesre CLR rrr ets to 8 ts Ea sha de cee hera eas Hotel 
Pamunkey ...... (ee PBB ce etc oar? Soft Late OL AETAE C EYS et ae RARE Oe Domestic and stock 
Pamunkey ...... ph san as sn ore 1a A gi) as RA Re Domestic and stock 
COalverti.. sss. .+ Hecate SP Alcatietae os Vain sins ROT See tas cas tierieaaahtontal ov: tine suetiare ces esos ‘General 
CPHL VOR Clea eet od cn ea al coe ce es ot kade we ht ON NCEE CM ONE ERG IEA NN pot ha hide Be ea set ak Tomato cannery 
and domestic 
Calvert.......... +12 Be tal asta tyes eisiel Ries aia Pe aa ADs siege Piel Cad ssn" vv gins a+ ok yee vic Sp pss Po ire nce ese 
al ver tia vec cnthees oars 1% Jose eceneleeeees ‘Sulphur SE NGIG Axi RRC nh ee or tie erst Domestic and stock 
Calvert..... REP RLLON VS Mle ete arate sl om re otters | oreemineer ee cee tates. crore cone sie avttaietsie Sa ard cudlGinve colt ware wee eulid thas fees eae 
‘Pamunkey ...... | +30 Bi ER Uk locscilhemmreree SOL Garren se uni nateins hie Cocie reltre ape aires House and stock 
PAINUIEC Vinee ricteeltere ats 3 <i\hetaacn.eia,e 6 Vevesieia: lay CLAP eae his ts man ae acts Sa > 4.0 eaten SiMe ke we Segi ‘Household 
(PAIMUN KC Vane deers: 6 Tis a\\tararee a sree POLS 15s come bats ales pena d candice yes a x Re a.ghy Boe ‘Household 
iP aAmMmuUnkevae meee t.. Rem AF! ORCS VS eI Ret Se Ee Se Ad aA ep Hotel 
Pamunkey ...... flows 7 ee Cee eee RIORE (bs cigs ais ous SMe nw orien ® atemely arn A aptages ‘Household 
Pamunkey ...... rae GoM Gm Tee CU Wah 35.4 ¢, sono ctcnpaas Beeeaten eas haeed All 
IPAIMUNKCY: sees ee Los ates 34's Git A [3 a aes CORR ae ere EN mech Sey RRR Re ‘Household 
Pamunkey ......|...... pV gs Rolie * as | AEN akan ae «clue ginal dc a Ne a le xo Rast ‘Household 
Pamunkey ...... +19 ie ets Ral eee (SiC 2 ahiweseed on cht x hae duet’. « tetra», Household 
Pamunkey ...... oo 4-116 |........ CLs eaktds sat « son Caan ae eam MA gas TMeciee et Ice manufacture 
PAMUNKSY), «eee oce + Wor ly slats Pevatee | (av ERAS con Sits a NAA Ripa a Serie Te ARG eet Household 
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ae sedie ater 
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none 80 
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Ts 7 40 
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| 40 
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190 140 
See 40 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virguua. 
fi eel acd : : as Wee Be aria Ben 5 
a bo | | 2 
ze | 5 
g os S 
2 a 16 ea 
a 2 ae | ‘3 
County c f 8 |b | 5 
and = Owner Driller a r= 
Postoffice = iS ES) i 
on] 2 | bs | 2 be | a 
a& }) ee ES S| 
oie) | w Led ~~ | 
3 s sel g | Bis 
Ae Ai 8 ee | one eae 
se S| Ss ES a Coie fae ao 
WESTMORELAND | {4 ‘Pet! 
= Cont. Mitre Et. |-in gee, 
Colonial Beach.. 2 mi. SW. Lis Wad Sut Fe atric Li. |) WoealOthe men cecees O 1901 15 230 114| 222 
Golonial Beach: :|; - W.'¢e|Dr; Ai Ey Jobson. .s.|c.s.cccsegscevauneemeene ..| 1899 | 10 | 225 
Colonial Beach.. Wi ID: .KNOWItOM: veesce seme GO. Jones her ssc. eee O | 1902 | 20 250 
Colonial Beach..| %mi. N.|M. E. Loeffler........... E. Gouldiman 2%.-e. -O 1906 20 244 1% 200 
Colonial Beach..4mi.SW Mutual Ice OCo........... R. Rude) ccc cccecsenes ‘D 199/ 5 | 422 1% 415 
Colonial Beach...) S.W. |Maguinnis Estate ....... ——Graves ........... M, 1898 | 9 214 |1% 
Oolonial Beach. .f 2 mi. SW 10; L. ‘Massey.vcseu ete]. ss ycasees ones eneneee | M| 1900 |..... 225 | 1% 
Colonial Beach..| near N. |A. Mensch ............... Chas. Pfeil .......... Piieeda | °S 204 «=| 1% 204 
Colonial Beach.. near |——Piergon ............0. Ohas. Pier? Scares D)| 1897 | 8 208 1% 
Colonial Beach... nearN. Reh & Ninde ............). eee s setae e ee eeeeeeeees O 1900 | 10 225 1 | 225 
Colonial Beach.. % mi. W. John Sebastian .......... E. Gouldman........ i) ie SE A le 80 | 1% 
Colonial Beach. .| 4mi.NW |J. R. Sutton.........5... Chas. PiU yee ec ae O} 1905 | 18 220 14% 230 
Colonial Beaches slams 0) wl. La vloneesecseee ee ——=—ROAane, saless sees O} 1896 | 4 210 O aA ee 
Colonial Beach.. N. 5. OW: “THOMPSON. bi lees 2) cseca, dx cxaeohs ae mete eee }O| 1904 | 20 | 242 | 1%) 249 
Colonial Beach.. Ww. VDRO Waa sociated teehee s ——Roane ........--0 Vil eee 11 225 
Oolonial Beach...) -1 mi. 8. |Town .i.......csenssccssee|escsue-trs-neemetaen eben M 1902 8% 247 1% 
Colonial Beach..|nearS.W.|F. W. Walcott.......... SOMUSOMN Feners deere O 1888 | 10 276(2) 1% 230 
Colonial Beach... S.W. |O. W. Welles............ Oltaa. Piel iy, asaeeae 1O! 1904} 8 | 214 | 194) O14 
Colonial Beach... %mi.SW CO. W. Welles............ Ghas. (Preller vee O 1900 8 214 114 214 
rigatey see: .3 eae 1b MOL. TE AMOR Be o's), scat sue Qhas., SONGS tae estes |O| 1902 | 7 187 1144 187 
TIGA chee. bearer 4m | SW Pal Megricks «cv aw coeielee cs | cee eer ie ere aaa M 1900 | 13 397 p EVN pee 
| 
IVICAN ack ooh eae neath. Wie a, BarnOltes cise. he ss Ohas. H. Jones...... QO} 1908 | 15 335 «| 83 
| 
Hague. sles in¥ ees 3% mi.N.|G. F. Brown (8 wells)...|/L. Rude ............., O; iso | 8°) aa7 “PS ae 
Hiandm “isc Rgenela.aeie FOSHAN. tee Chas. H. Jones...... O| 1897; 2 | 144 | 114] 144 
EIN OW Wasser near Hardwick & Sanford..... \Chas. H. Jones...... QO; 1903 | 8 154 1%) 144 
Kinsale. Barees. vernal NG An Bb ailayecnes cee re (Ge PSP Bailey cc. sote er O!| 1894 | 8 238 | 114) 235 
Kinsale” |..3: a papenicn we eee GRoPt Walley sonescecce ks Chas. Hy. JONES tsa ees 1901 6 238 | 118) 235 
| | 
Ringale’ 1¥24. ich eater es G;*P. "Balleyat.2....5a55 ‘Chas. H. Jones...... ..| 1908 | 6 | 238 | 134] 235 
Ming aig’. cxcaves %mi.N.E. Dameron & Oourtney... L. Rude ............. O} 1893 | 4 275 pA Be 
Kinsale/.6.5 ee Lom .N. BIS; B. Hardwick. ..<c.o..iso ons sss eee OW1s02 | 6 | 2468 1 ages 
Kinsale. Sos sserins 3%mi.N.E.|\V. B. Hardwick.......... Dette eee ee ee ee etna eeens O| 1902 8 245, || Tiel eee 
Kinsale ......... 1mi.N. Chas. Taylor............. Chas. H. Jones...... O| 1908) 7 | 260 | 1%! 260 | 
Maple Grove.. 1mi. E. Floyd Omohundro....... B. (Gouldman veer! O;| 1905 60 300 1 EY eae 
Meter ee eel peecen te Bo Hl ve DLOusone ma, os nik. Bodoorericnnrapocuenac ror Peehisctie sd tine ae 2 ath tar 
IMEtET SOR. tutions Panmiee Weill. Te eShepardie, ¢csakeee i\Chas: sh Jones. O;} 1896 6 Ly A ee 
Mount Holly.... 4% mi. E. |S. J. Hopkins. ss 5. 5.0..0s iOhas. He Jones... O| 1897 | 4 135 22.385 
| 
Mount Holly.... near |Nominie Packing Co..../Chas. H. Jones......|O/} 1903 9 153 | 134! 158 
Oak Grove....... 2mi.S.W.|Andrew Flanmer ........ Shaw & Roane....... CP LSOTt eens 664 | 114) 300 
Oak Grove! 4 i. ais aoe Andrew Flanmer ........ fin: See Joie aati hla ON ere eee 63.) 445, ee 














Oe 


WELL 


DATA. 


331 


TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 














Principal water beds 


iS 5 elt @ | 
| | KS) | 
| Group . 
Material | or on 
| formation ‘9 
Ft 
SMOG siissesecs se GMUNKCY ...+.. +35 
11 ch ADO CEE ‘Pamunkey ee A OR ee: 
Mee ars aithae wee ce are Pamunkey Saleao leas 6} 
Me Pa o choe fats. (PAMUINKGY ss eee |e aLO 
White sand...... PPOGOINAC Kies cee oa es *.- 
Poesia se ecsve.s.s/Pamunkey ..%... +15 
Bees cine ech es were ‘Pamunkey 
ROCK sesese ee se aINUNKeGY).: nee: Peete s +s 
Me gee so cos yess ete amunkey | 
4 Ait BOOSIE ED ers ea ahb halen rue ra, ol ice 
SYD LPe OR a oeiee EP aMuUn ke Yasin cesses + 
at Nas fa ois ole e276" |Pamunkey ......|-.+... 
AA Oe Eee Pamunkey ....../+12 
Svbhiseeadevenseuse |Pamunkey ......|.....- 
AUS a Cioran al@els cise «ce PEA TOUR OV be etecte |e siete 
Pree hee wines s sie PPAMUNKCY ee se clse ae «8 
| /+18 
Black sand. ....; Pamunkey ......| +10 
ROCCGLAY calc). 0's & Pamunkey Leng ART 
CER err. Ses erteies (Pamunkey ...... FdeG 
inaVeleses esse Pamunkey ...... +9 
eS Meise Csietieee ds PP AMUNKOYe. sete teces «2 
NTs Me ee aa \Pamunkey ....../-+12 
Rock at 200 feet. Pamunkey | 
White sand..... 2 ‘Chesapeake capes Grae 
2 VO \Chesapeake ...../-+20 | 
In0Yd < Wied aaeneee |\Chesapeake ..... | +18 
PR aes a aie Chesapeake ..... | +16 
Sthtioy Bho eee ee Chesapeake .....|...... 
OS eee Chesapeake ..... | +18 
ee ee a: ines, Sys Chesapeake Sea Pph18 
OTe sis os Chesapeake ..... |-+415 
Shievel. WAG eeaneee |Chesapeake ...../...... 
White sand...... Frrstalareyh eretate erate etek t +20 
Pictiisttiates a coc Cale eols © 6% 6 eels aca 44 Re eS leccee -| 
apse ences cessccelacesscsecccscyeces flows 
Rock at 125 feet.|Chesapeake ..... flows | 
ERA Rady oi) 2 cin chee Chesapeake ..... +18 | 
PPR ra Rovers Fas, 5 sicis Chesapeake 
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| 
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Head of water above mean 





eeoeece| Peres eleeseveseleveceecn 


eeceeel| er ereesiceoesesens|reeevecee 





Peewee wee eee Pee em eee ee ee 
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minute 


ans 
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P| 
ae 











f (ss 
ae: 
Pas 
| | 5 | 
Flow | Pump| & | 
| 
j — , 
Gal. | Gak. | "Bai 
Bie sheie ees [te eeeees 61 
Ti We bas wlate 6016 
% |  omastaais he) 
1, |} 5.9 ela oe 
6), “i Nivndaretnetete crete 
1A Wevcaiactsie-6 6444 
S)\ eet fe, 
| 
16 {| Ale 61 
Saeteoeeaensee bese Bi 28m 8) eer eee 
Lot Peee Thaueneores e 
TI UR: 63 
Weiban sion sere | 63 
We Wiereidcelaieiers wih 4 
OS ree ae: 
Diaed lr averstorerctg 62, | 
US CO Severs w tae aller tate Se 
Divine aisha crete eikeas 
PAAENE courte eter aay A 
LEG Aside rates 6334 
i: Mrs ae ese, ee A 
Ae Wc avelec deus Vapoetaete 
Bim HT oid aistites 64 
ApY OT. aivatseeel enttonite 
ta a Rea 
i” - Si Poncersfanterahts siexanoe 
Ree Emails Aayee 
LP Aah reas 61 
eee eereee gene. Bote 
16 ame 63 
| 
2 rales crteatessts 63 
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Cr ee 
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OO ee) 


sulphur 
swphur 
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sulphur 
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sulphur 
sulphur 
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er 
i 


Ce ee | 
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sulphur 
sulphur 
sulphur 


Ce ee ee 


ee ee 


CC 


sulphur 
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oo) 
i ay 
ee ee a] 

ee 
eo 
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Ce 
i ) 
Ce eo a 


Cr i) 


ee ey 


Ce eC ee i i ee ay 
ee 


Ce ee ey 


a) 


SOL sue Molyas SUlDNUis cee ceecese ee 
Soft, sulphur 


a) 


ee ry 


Paes wa lop Vos ol wan ae caw ea Viertedelesesaae | tm OKT ESSEC HRC CC CoHO SEK HHH OOH ROR TER AOD OES 


| Household and 


public 
Household 
Household 
Hotel 
Making ice 
Household 
Household 
Hotel 
Flow stopped 
Hotel and store 
Flow stopped, not 
/ used 
‘Household 
|Household 
Public 
|Publie 


‘Domestic and hotel 


‘Household 
‘Household 
Household 
stock 
Household 
stock 
‘Household 
| stock 
Household 
stock 
‘Canning factory 
‘Steamboat and can- 
| ning 
‘Canning factory 
| and steamboat 
dock 





and 
and 
and 


and 


Canning factory 
and drinking 
Canning factory 
and drinking 


Canning factory 
and drinking 

Household and 
stock 

Not used, no flow 

Domestic 

Household and 
stock 

No flow, never 
completed 

Household 
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TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
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County 
and 
Postoffice 





WESTMORELAND 

—Cont. 
Oak Grove 
Potomac Mills.. 


YORK 
Grove 
Lackey 
Magruder 
Messick 
Oaktree 


sete wee ene 
ee 

eeeeeee 

Cr es 


ee 


Yorktown 


| 
| 
| 


Owner 


Direction and distance from) 
postoffice 


2mi. W.|W. D. Wirt 
4mi.N.E.|\James Muse 


eee eee 


Sle ee ees eres erereseeeseeseerecense | seer ersesessseseeseesese 


2mi.N.W.|S. J. Marynham. 
‘Edward Maynard 
iG. B. Donnelly 


eset eee 
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| Driller 

| P| 
| #2] 
S| 
4 
El 
‘ 
ea eae (Chas: Plein. neo 
pit etetiate Eee le ESas Walcott.......| M 
ee 'H. E. Shimp........:|M 
cone ete BCS es SSDP ose eee ae 
M 
oie eel J... W, “DD. . Robertsonl.: 
Hele Serpe S. H. Felterholf:..2%2| D 

tiie Bok H. E. Shimp and S.| 
| HH: Melterholfsoe-<- | D| 
LT See iS. H. Felterholf......| D 
3 Co.../H. A. MeTavish..... M 
See. one iS.) Hey Pelterholteees) = 

















Date (approximately) 


Elevation ‘above mean high 








rs 
Pe re a= 
| i S 
3 e 
| = s 
| | iS ba 
| | 3 a ‘Da 
8 | 4 5 
| & rc) ~ 
gl2| 2 |. 
a a| a a a 
=) Sale =) on 
a eee o 8 
S| aa) ee ee 
| — 
Ft. In. Ft.| Ft. |Ft 
190 fa 4/190. fees ‘ 
230 | 3 =| 20 tonnes os 
4292 | 429 | none | 60 
450 | 2 | 450 |» $00) sune 
996-1 TM). vcselen eee ia 
a Pe ae BY hi 
ge7 |B. oie eee 
495 Ri A. es Vie. 
g5a.. (2° | ite Pas eae 
750 ./:°| 750 cbeckeeeee 
406 | 204. Ohl geareheee 






































WELL DATA. Boo 
TABLE 5 (Continued)—Data of wells in Coastal Plain Province of Virginia. 
|g | | | 
he | : 
| F 
| @ | By 
Principal water beds | & | Yield per 
| minute 
| © 
ee | 
Lh! Quality Uses 
BS se hy 28 

| Ss ars | 
os a | 

Group ct | | | | 

Material or | S's | Flow |Pump| 2&2 | 
formation $3. | | Bo] 
= A 
j | Ft. | Gal. Galva rs 
2 OS AGI NEDO On Pamunkey ......| flows WG. dais darae a eh act an nie Pele dinate bere ade owed shoes e te'xns fp DOMOSTIG, ANGSELOER 
Rock at 80 ft | | : 

RIAVEL ose cassie ‘Pamunkey Sicteisists flows | Sy hea oc: ores ahi havesareta& \SOft ....cceseeseeeeee Mivisteaiose sien ss ..---/Domestie and stock 
Gravel... ce.decces ‘Pamunkey ee ee bH20. fixecices os cineca geniicles he Mlk alinowereienctet actes sa. dis eoveeees--/DOMestic, boiler 
Gravelececsccesé.s PAaMUNKGY Meas cis foie ser AUG. se ceetlaceniets RO LOpe lL ALIN Om sete cardinielele esis sierecreleie a4 ‘Domestic and stock 
eis kc. daee Chesapeake .....|+20 ZY) | sine e chulaicoas besten dane pave Cereb eecedscvdnadecerescedsansenanenemseaeva sas ui 
EN Stereos ote ciate sis risers sai ste tievncies oli ce siovinellereeicene eleecoee SSUIPhur ......... eee ee see eee eeesesse+ +s DOMESTIC 
Pee ariee Sas osivid's .. Pamunkey ...... +25 | ING lsc aha ed stare nnens astutd nies wee naecot caves se seetece sd HOURENOIG 
Green rock ..... SPamunkey cc +38 Ay ail Sl averatata alls teelerele [ae she olaissordclalartta MaMa Cts d « se iale ove. Gace. Household and 

| stoc 
S Ree ie isrs sian’ dlahs © Sec ltasttececonmieceeitr as 3 ado We ead cea ie a dae aeereeiea we tilde aeiste uk dasSee oe ELOURONO IO Band 
stock 
OOOO CUMOB OOH np) cpoehoocedcccmoncal aah Le ee cate rallies ae ten Gl OO Cl arr elite ccieie daviceisdsisa%sic edieislselsaar(de nacics sinsoamantlere se 
Je RAC DIGS Ome ule ene tent sees torn eT IO-k 6 ts. cc bale eet e lentes ner acdeeeetcosoriaddavercenscevedice ( DEINE gy wey 
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TABLE 6—A ais and a ASSAYS Pee oe water from springs. 
ee ed : 5 era a 7 7 “ aa ay wena ca 
| 3 é | 
| ed om 
| | & K 
| | & sd 
| | | | 3 g 
| | [hs aie 5 
| | | S ge 
County and locality Name of Spring Owner Source BS 
a -la}-e5-4 
AS) a © ve a6 a] 
; | AE beet BSI es 
| oi S | wl = eee 
ES, ° i = yee 
= = o) on na 
— = a 
ALEXANDRIA | | 
Ballston: 40, sis seated POWRALAN |i schinesnobhaeseu vale 2hie hin ae eee arate CAT ODUCG sys oivers nus Pe 12. ..++| «2 
Glancarlyn jsnesneeue see Eri DigsVinersl au centectns cores NS ORS Go} baked ie oc: CEEAVEl Stars <stes ote Pere 78 9:0l a0 ce : a! 
CHARLES CITY os | 
OIGHEL |. on dines the eeiunel| SKU BMAD SK UGE phahGRnanameenhpe ewe WA. © Mo. Wheeler. ous. « [BATION Wins apnea Jeeee| 73.17) 17.4 |...) 5 
OGHEI (1 b.. Se eheen Ree Cee eh Ake ews ee 68 ke een aeleee ee |A. M.. Wheeler....... OTIC asene abo scchuk |oe.-| 61.08) 19.65 .....| .87 
CHESTERFIELD | i 
Bon Air... b/chameeeneeee Beaulon tas vas shes tsonven sewn e ‘Beaufont Lithia : | | 
| Spring Water Oo...| Granite... .......5)...5 Go. (tse Os .25 
Buckhead Springs...... Buckhead Chloride Schl eee S. Wheelwright... Sand ............ ss. 43. | TA sees! od 
Manchester 0:1 .\)etliniddes Bellfont<ldthia.sicuesicacmere (erppecrere cer ti HRPRNIEG LR 2.0 Socal ane | 45. o| 14. Jove efle 
Manchester... dsssecces \Fonticallo Lithia“. ss... news| LW: Gi, DRYVlOr 2 s.cane RID BUILG. fos hie aon lias 46. «| 14.5 feces 1.6 
Manchester. « «.. cccnisicd den TuiOM. LICH Aisne scsan oben ve mene ‘Virginia Lithia 
Springs. Oo. ......... {SPLIT Cte stave. we ici volesell « x 5 ell eeacLee herrea) see ani 
POMpICS a sk oo wep eee een Campfield Lithia ............ Oampfield_ Lithia / 
tO Water Oo. oe rr ies, ca evieeee 28. --| 5.8 |. 3 
SWANSDOIO Wp raeen inten Holle MAthin. oases ssa nehee Holly Springs Go. ..; Sand and gravel... 35.6 eee) 10.7 0...) 29 
Swansboro 1.5 senses: Hele uithia a irccees eee ‘Holly Springs Oo. ... Sand and gravel . ,| B5chils sch Theat 35 
Wiiseville” cus s\.cedememe ee Rocky-huneWithia Aet.cesn nos David AGN i vee te cette erie kvenieite ce leis vis oh es aellahirg tale eee a eee Bel: 
ESSEX 
MOAGO: Sica seine ann eeieny SUIpULy Ta senSite sn steycs vomes |Chas. Tombs ........ Sand and iron 
crusts ‘ AU antec Wr ci (Oro Ss rons 1.5 
Monde (> sigsteseeeceeeee Sulphuars CVes vey si svav is son es QUASs . OME. Chane PRAIA Gore 5S ais os AV area Peat | s0enelaweve ltr. 
GLOUCESTER | | 
James. Store. 4... css des lowe ee eee eas (OOMILY © yey ssa eal ne yk MOET amas Sino dat A a eee Ae, Je senee ee .0 
HANOVER / | | 
Hanover. Stationic sce. 1 esses oece ee eee Pee ee een 1B Ba) Oe Be RB es tao so Sere Re Prete baht | ere rs 
SEMOTBOD ec 5.ib cs Veins aah ones eau an ay cee seen as oe B. A, Taliaferro... 5. PUMIUCE Pai wicue'm ve se) ope 19. Sian | 6.2 |....|..08 
| 
HENRICO / / 
Barton. Helghts.iyye: at havea ee oep leone ap eee ae ree tee (LOWELL: snes 'ne Neen Marl and sand..; .0 |106. /|42. |...... ierel 50g 
East Richmond......... Oomo: Lithia cscs sercaseeeute I. id. Hawkes soeccans baer and gravel)... 34, tr. i) boot 
Fo! os Seen le eee eee ee Re -W..Swifkseeie: Nt hey See eee | .Osigeeeee leds «hose eae tr: 
Richmond ».1 i2o pe. cate te es Pee cad oe ee COUnLY "ytaeeneenens OMe h ess cxewk Ol seadew on Pedy er 
BichMond ..yenisgasee vhs rele edad ee peas Cicer eee Home Brewing Co LERAVOl iO rcs clea ee 1245. ‘1165 Wem Bie Bnd ee 

















“Ammonium (NHa), .069. 


bAmmonium (NHa4), 
¢Ammonium Sheet 
‘Barium (Ba), .02 

eBarium (Ba), .008. 


‘Barium (Ba), trace. 


-016. 
.013. 
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TABLE 6 (Continued)—Analyses and field assays (F') of water from springs. 
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“Also contains Barium (Ba), .15; Strontium (Sr), .10; Zine (Zn), faint trace. 
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TABLE 6 (Continued)—Analyses and field assays (F') of water from springs. 
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TABLE 7—Analyses and field assays (F') of well water from Columbia formations. 
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TABLE 7 (Continued)—Analyses and field assays (F') of well water from Columbia 
formations. 





























Sulphate radicle (S02) 
Nitrate radicle (NOs) 





Total hardness as CaCOs 


Chlorine (Cl) 
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340 UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 
TABLE 7 (Continued)—Analyses and field assays (F') of well water from Columbia 
formations. 
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2Water May come from Chesapeake (Miocene) sand. 
>Sample taken after prolonged pumping. 
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TABLE 7 (Continued)—Analyses and field assays (F') of well water from Columbia 


formations. 
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Taste 7 (Continued)—Analyses and field assays (F') of well water from Columbia 
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ANALYTICAL WELL DATA FROM COLUMBIA FORMATIONS. 
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—Analyses and field assays (IF) of well water from Columbia 
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O44: UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


Taste 8—Analyses and field assays (F') of weil water from Chesapeake formations. 











aMay be in Columbia beds. 

bSource of main supply uncertain. 
cAlso ammonium radicle (NH4), .39; borate radicle (B207), trace. 
dBiborate radicle (B407), 3.5 
eAmmonium radicle (NH4), 9.7; borate radicle (B2O7), trace. 











Organie and volatile matter 





Tron and aluminum oxides 
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ANALYTICAL WELL 


DATA FROM CHESAPEAKE FORMATIONS. 


TABLE 8 (Continued)—Analyses and field assays (F') of well water from 
Chesapeake formations. 
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UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


TABLE 8 (Continued)—Analyses and field assays (I) of well water from 








Chesapeake formations. 
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Iron and aluminum oxides 
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aAmmonium radicle (NHa2) 9.7; 
bSodium and potassium. 


borate radicle (B2O7) trace. 
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TABLE 8 (Continued)—Analyses and field assays (F') of well water from 
Chesapeake formations. 
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UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


Tasip 9—Analyses and field assays of well water from Pamunkey formations. 
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| | | 
STAFFORD | | | 
BIMo ke «© ie .s ce Meee ee Richmond, Fredericksburg and | 
i PotOmaGr ins LivseOOr meen cece dug DOT OE Fora elaine do tateetee ate Wer Dire Site 
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TABLE 9 (Continued)—Analyses and field assays of well water from Pamunkey 


ANALYTICAL WELL DATA FROM PAMUNKEY FORMATIONS. 
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Bicarbonate radicle (HOOs). 
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UNDERGROUND WATER RESOURCES OF COASTAL PLAIN PROVINCE. 


TABLE 10—Analyses and field assays (I°) of well water from Upper Cretaceous 
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Wort Monroe’ sire c cree s aeecee te cere | Hotel Chamberlaias...°..0o.ic,cen sees te | drilled 
Hort (Monroe. vee sethieneen ens ean aree | Hotel Chamberlain... .. 2. ..0.0scnesaenes sun) Crilled. | 
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aSodium and potassium. 
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Depth (feet) 
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945. 
945. 
945. 
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694. 
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270. 
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616. 
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Organic and volatile matter. 
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Silica (SiOz) 
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TABLE 10—/(Continued)—Analyses and field assays (F') of well water from Upper 
Cretaceous formations. 
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“Sodium and potassium. 
bOxide and carbonate of iron 6.8 
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TABLE 11 (Continued)—Analyses and field assays (F') of well water from Potomac 
formations. 
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LETTER OF TRANSMITTAL 





VIRGINIA GEOLOGICAL SURVEY, 
UNIVERSITY OF VIRGINIA, 
CHARLOTTESVILLE, October 20, 1911. 


To His Excellency, Hon. Wm. Hodges Mann, Governor of Virgima, and 
Chairman of the State Geological Commission: 

Str:—I have the honor to transmit herewith for publication, as 
Bulletin No. VI of the Virginia Geological Survey Series of Reports, 
a Biennial Report on the Mineral Production of Virginia during the 
Calendar Years 1909 and 1910, prepared by the Director of the Survey. 
In this report is given full information descriptive of the mining 
industry in Virginia during the calendar years 1909 and 1910. 


Respectfully submitted, 
Tuomas L. Watson, 


Director. 


INTRODUCTION 





Virginia is possessed of an abundance and variety of mineral 
materials. Many of these have been worked since early colonial days, 
especially the coal, iron ores, and brick clays. About 40 materials 
are now exploited, many of them on a large scale, which afford a basis 
of important commercial enterprises, and give to the State prominence 
in a varied and extensive mining industry. Most of the materials now 
produced can be developed still further with an increased production 
in future years. Some of these have been developed within recent 
years, and others still have not yet. been exploited. 

This bulletin gives full information descriptive of the mining 
industry in Virginia during the calendar years 1909 and 1910, includ- 
ing a brief treatment of the distribution, occurrence, development, and 
production of the mineral materials of the State. It has been prepared 
with the hope that it will be of service to those now engaged in 
exploitation of our resources, or otherwise interested in them. ‘The 
statistics of mineral production in Virginia for the calendar year 1909 
were collected by the Federal Survey in codperation with the Bureau of 
the Census and furnished by courtesy of the Federal Survey to the 
Virginia Geological Survey. ‘The statistics for the calendar year 1910 
were collected by the Virginia Geological Survey in codperation with 
the United States Geological Survey. The total number of productive 
operations is large, including a variety of subjects, as is indicated in 
the tables of annual production below. The aggregate value of their 
output in 1910, according to returns received at the State Survey office, 
amounted to $22,755,161. 

The statistics of production and value of the mineral resources of 
Virginia for 1909 and 1910 are given below in tabular form. The 
figures are well above the totals of most of the materials recorded in 
previous years. ‘The increase in 1909 and 1910 over that of 1908 is. 
especially noticeable in the large industries and in many of the smaller 
ones. 

There are given in the tables below the production and value of 
the various mineral materials in Virginia for the years 1906 to 1910, 
inclusive. 


2 MINERAL PRODUCTION OF VIRGINIA, 


Mineral Production of Virginia in 1906. 


























Product Unit of Measurement Quantity Value 
Baryies aie 3, cn ot) ee eee SROTD sLOUS MN. cae see ee 11,775 $ © 45,3886 
Clay Tec aiits sees eee SHOP. LOUS ..a es eee 2,903 24,354 
Clay products i534. eo A ea ee eee el reer eee ts 1,966,078 
Coal 2ivors See, eee ie: SDGrt LONG ec 4,254,879 4,183,991 
Cok@ ve oo thee Late Store: (CONS g25-.ce0e ss 1,577,659 3,611,659 
ee sulphate .. eT Rares. SON bs sob Eat ee eee 
ORLPLADI Oe Cee ot eee ALIONS tke eo os Boswst sees ee eae ‘ 
Gas, illuminating ...... Cubic! leey Vi Sos 78.) eee eee eee 9689,738 
Gas coke ae eee ShOntscouemciss: oh cs Tia ee paeOeee cae 
Gold (mines réport)........ Fine ounces (Troy.... 717.50 14,832 
ITToOn. OFCSoii 5, hee 21 eee Dong atonsee ess atoms 828,081 1,579,817 
Lon! pies aes eee LONE GLOlsete so ene? 483,525 48,591,000 
Dame oe FU Short +lous. 5.057 104,486 382,083 
Manganese ores ............ Longe Onsen a 6,028 17,522 
Millstones”. 3, fo oo cit ces RA Eee seo 6 Sa ee ee eee 15,611 
Mineralyavaters) i. :2h5 ask Gallons (ee. t ia ass 1,997,207 418,908 
Precious ZStOnes vss ys. dee eh ak oh eee ee ee 500 
PTL E SS Pe eS ee ee Long - Losses ee ore see 128,794 431,388 
Sand and seravel oe Short.«tons |. secs se 330,178 121,951 
Silver (mines report)....... Fine ounces (Troy).... 250 168 
Slater yen Fe Haed Lee ace he aig ete Stee ee a> ne eee 172,857 
SLONG# "bg egies « SARE) ee eee ieee nes cence oot. he eee 606.343 
Tale and soapstone......... SOME -LOUS: eels aes 23,624 590,800 
ZAG: A neae sees eds tery Eee Short tons 445 ok see 1,143 139,446 
THEY < PLOMuets® seek. cs oe eel oe ec ee oes Oe ee oe ee ee b990,432 
Total: Values, cs seine ot iiel soe cals situ s vie site fee ee eee $24,650,814 
aEKstimated. 


bIncludes asbestos, natural cement, Portland cement, gypsum, mica, ocher, 
pottery, quartz (flint), salt, sand-lime brick, and titanium. 


INTRODUCTION. 

















Product 


Unit of Measurement 





PSION I Ae eS aca Aah esos 
Clay products 
Coal 
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Mineral Production of Virginia in 1907. 
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Quantity 


4,710,895 
1,545,280 


oe eee ee eee eee 


6 © 0 0 = 6 @ @ 6,6 6 aie 


oe eee ee eee eee 


eee eee er eee eee 


266,976 
200 


ore eeere eer ee ee 


eee eer ere eee eee 


Coa a De et eC a a a Jee 


©. @ ©: © 6: 0° © 6a) se 6 « 





Value 





$ 32,833 
1,611,535 
4,807,533 
3,765,733 


1,165,821 


11,402 
4,530 
8,300 

1,538,920 
8,963,000 
8,692 
447,307 

56,469 
1,014 
4,684 

431,770 

520 
372,586 
119,277 

100 
173,670 
760,488 
631,880 

90,978 

a774,809 


$25,783,696 








aIncludes natural and Portland cement, feldspar, gypsum, ocher, rutile, and 
sand-lime brick. 
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Mineral Production of Virgina in 1908. 


























Product Unit of Measurement Quantity Value 
Clay ait et ae ce eau s Maer SROrL «Lous ase see 442 $ 3,200 
Oa y= PIOCUCES ES ois ns ein he dl se oe Cet oe ee te ete] Veet ee eee 1,536,907 
COG reach cules Sas ieaane SHOrE Ons ooo. cee 4,259,042 3,868,524 
SOKO eet ice Oe paler Short (tons) oe eee: 1,162,051 2,121,980 
Ammonium sulphate \.) Poundss 250.0). cea eee 
Coslitarwe ates ten eres Gallons. FP eee ye eco eee 
Gas, illuminating ...... Gubie: feerryes seo ete eee 1,180,744 
(SES WALEED: a6. cs os kee e's GHIDLes TG te See's sc. ais pe tee eee 
GOSTEOKG Heist ties betes Short]. SOUS 7) cose see eee 
UOODPOR mse here bea Ke rales Poundseer of... «aes 24,775 3,270 
Gold (mines report)........ Fine ounces (Troy).. 118.57 2,451 
5 at BAF: ee ENO ee eee Ue cp 321,530 
TTOD ROLES? Sean vee alls ee Lene tons. .4555.. oetee 692,223 1,465,691 
IPOD DIF Gai berse ec Done clone) «tees eee 320,458 4,578,000 
PRU ere alin hs Vit iien ae ee SHOP. Gis vee rout ater 38 3,200 
Lime and cement........... Barrels Saar ee eee 1,629,178 775,660 
TAMOGSCOME™ © a. i sc cd ates oie thane see O58 Sik A a eee oa ang 280,542 
Manganese ores ...........- moe og at ei ae Soe 63,324 
: ounds (sheet) ....... 427 : 
Mica isu lt oie gee meen \ Dots Ctra TM ak 46 7,346 
Millstones. and ‘sandstone 2.4) wicwacees een’ Cy Seine sloin c's bs ee 10,554 
Mineral waters? 22.4.9¥a0.0% PAROS 224 4.ceeea 42,009,614 207,115 
Pyriler Reto ere aee eet. Lone tons cee vee) 116,340 435,522 
Sand and: gravels)... jenices ls Seek ee . ee te ee ee 119,095 
Sand-lime ‘brick j2....usees THOUSHNUS Rees. 2 6,181 36,934 
SULVOr wes 2a eto cee CuGl ee Fine ounces (Troy).... 236 125 
SACO clos ees Loe Cee MCILATOS: 2 c.4 ieee ee 41,678 194,356 
Tale and soapstone......... Short. stons- 47 eee es 19,616 458,252 
VAL tes pee Seeeo th args ees YT Short: TONS “2232. eae 705 66,315 
Other” products ve. cis 8. eee ee a ee b143,135 
Total, valu@iss 4% c5 sls Gece bs es eee ee ee $17,883.822 














alixclusive of 119,672 gallons used for soft drinks. 
‘ bIncludes barytes, feldspar, gypsum, mineral paint, and salt. 
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Mineral Production of Virgina im 1909. 























Product Unit of Measurement Quantity 
AREA OULU Ue ee eet ele, ana a argo aVerclo Lirels a sag lee. 2 3 0 bee oe.a's 
ets Sanat aceon Van ee e's SHOLGELONS neva vee ao oele 
POO KG eee gnc Vk chal SHOT clLOUSme aie. ia 1,347,478 
GO HOCIA eet ces par eit eee es IEC See ee 224,162 
EOL Sme Cs oT CECLOUS Ae LOUCSe lersee baie tied wale Cas «Ole ss vs wee. d Vale ala hc WG aus leh! 
Gold (mines report)........ Fine ounces (Troy).... 181.41 
Ora emi Cee ate 05, 65 clio cscs ower eee tina Files ete oe Lines) Pate eed My 
EU OL GS ahs eee Niet, Scots ares « LOU iCOUS basen kates 837,847 
Ine 40) t pth! LN Ben ora LODE Sf UG0s weaetet yon cc 091,134 
RV TRIGMES Gags. | a0 ce eee ec, Shorts CONS ae rcntsee 166,695 
SE te Mees EA ee RR re ts Vee wai. ve ange CEG Tras iu! vra |nkeis. 9.0 vie etbre. ts dhe 
a Gh Ot ere ed FT og ChE 5, <3 b psa ddl a's p his cues ales Seeepe elses 
WET TIStG Ol] Coie AUC TOUSLONGE ob ccccc co snd» diebivylds goles aes prey aevaehe 
aVIITIGr al WRLCTS. 2 teri oc ait eo ClallONS a aeeki a iecaues |) bd ooU 
ELVTILONY & Dob. cate eas oelcie reed GOT OF eS eters Ue ct 114,176 
PADIS PTAVEL, acess cee PS LPUMEML OTIS E cecg tier ete (205 « 847,476 
POPU Packs Sect te eo kate ak Fine ounces (Troy) 4,825 
PTA GO., fateh «2 Re Ges Shines fe G VC ee ee 40,880 
Tale and soapstone :....... BUOLG ROL sar aeeed ok. 2s 6 26,511 
MCR tan ke Mek OM olews ees SS INOT Ga) sere oyhere ey. .e- os 58 
TT TPEOMITCTSn mete ee. fia Fe en nets Shes al eala eee ow a 
ARE ys, Aa Cha OIE ela of CUE oy ogy Sek Ee eee ae 








Value 


$ 1,957,367 
4,251,056 
2,415,769 

29,141 
2,500 
3,700 

488,250 
1,693,188 
5,000,000 
635,946 
342,656 
4,600 
40,922 
203,455. 
423,283 
281,177 
2,009 
180,775 
523,942 
6,298 
799,086 


$19,835,670: 


- alncludes barytes, Portland cement, feldspar, gypsum, manganese ore, manganif- 


erous ore, ocher, rutile, salt, and sand-lime brick. 


6 MINERAL PRODUCTION OF VIRGINIA. 


Mineral Procuction of Virgina in 1910. 



































Product Unit of Measurement Quantity Value 

Clays products tm 26kG Rear le cers eat visita gc pita Se a $ 1,841,731 
COB POR Rey Jor eae Seas SHOTGeLODSU oe eee 6,507,997 5,877,486 
CORES i DS eee ete tee SHOR LOS oes eee 1,493,665 2,731,348 
CODPCRIs sic 2 ets ee Fok eye POINdS reece cea ee oe 5,402 686 
Gold (mines report). ..).:.% Fine ounces (Troy).... 42.96 888 
Granite! oft ec cre i ce ae es ee eee ee 508,106 
ETON OTOS Riess oe thaws ae TOTS ALONG aan. or aa 903,377 1,845,144 
FPO TIS ec cs edeane cee LOUE SOULEG erat a Eee an 444,976 6,150,000 
Pd RRS WN Rata er neeiegane (eke J POUTHIS eee tes co Lae 198,850 8,750 
PTO ee. hs See ae eae ee ee SDOMt: “EOtiemeecn.. beet 141,257 563,067 
TimestOne Peds owe o ba eee Bee ee ee ee eee Lee eae 471,903 
Manganese ores ..........-. Longe tonsa (cs i 1,758 17,892 
Millstones? <s56y cocci ey ea ee ee ee eee ee 5,273 
Mineral: 2waterss) ists Sete Gallons Were eels 2,441,923 301,523 
PYTILEN ahi ce eee Gee Tongs tons eeeee oc ecae 140,106 520,437 
Sand BNO EeTAVe) Yeo es Short tons (2s. ..2.. 764,321 215,416 
Silver 107 08s- Se ee Seen ce, Fine ounces (Troy).... 128 69 
SISte AP Ieee eee eee SQUATEGS uu... eee 31,787 148,721 
Tale and soapstone ........ SHOLEStOns {vaste 25,908 510,781 
ZANG A Spelter)-Pavcene an -clcen POURGSS) -. ».: dee ae 1,588,112 85,758 
Other products?: 2 . ce cee whee ae oe ws vie ee a ec ne 948,032 
fl N05] FEN Pen oa SE cpa Rae (IR 2s UR ergy Wed tak. a ad $22,755,161 








aExclusive of 48,252 gallons used in the manufacture of soft drinks. 


bIncludes barytes, Portland cement, feldspar, gypsum, infusorial earth, manganif- 


erous ore, ocher, rutile, sand-lime brick, and salt. 
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PRELIMINARY GENERALITIES 





PS 


GEOGRAPHIC POSITION OF VIRGINIA. 


The State of Virginia is situated on the Atlantic slope of the 
Appalachian Mountains, halfway between Maine and Florida. It is 
included between the parallels 36°, 31’ and 39° 27’ north latitude, and 
between the meridians 75° 13’ and 83° 87’ west longitude, extending 
from the sea-coast westward beyond the Great Valley to the Alleghany 
Front. The extreme length of the State from the Atlantic border to 
Kentucky is 476 miles, and the greatest width from north to south is 
192 miles; its area is 42,450 square miles. Of this area, 2,325 square 
miles are covered with water, giving 40,125 square miles of land 
surface. Its principal inland waters are the Chesapeake and Mobjack 
bays, Hampton Roads, and Lake Drummond. Except in the eastern 
section, no navigable streams traverse the State, and transportation is 
necessarily limited to railways. 


SURFACE FEATURES OF THE STATE.* 


Considered with reference to its surface features Virginia is divided 
into three major provinces: (1) An eastern plain region usually 
designated the Coastal Plain or Tidewater region; (2) a central or 
plateau region designated the Piedmont Plateau; and (3) a western 
or mountain region, designated the Appalachian Mountains province. 
The boundaries of these provinces are indicated on map, figure 1, 
page 8. 

The three major provinces of the State differ markedly in the 
nature and origin of surface features, and in the age and kinds of 
rocks. They are intimately related to the geologic structure, and hence 
have an important bearing upon the mineral resources of the State. 
These are considered very briefly in order below. 


aA fuller discussion of this subject is contained in Bull. No. I-A of the State 
Geological Survey, 1909. 
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The Coastal Plain Province. 


The Virginia Coastal Plain province, the most easterly of the three 
larger physiographic provinces, and comprising approximately one- 
fourth of the total area of the State, is separated from the higher- 
lying Piedmont Plateau province on the west and the deep Atlantic 
Ocean basin on the east. The boundary of the Coastal Plain to the 
eastward is marked by the steep slope of the continental shelf, which 
hes from 30 to 50 miles east of the present shore-line. The western 
limit of the Coastal Plain is defined by the belt of metamorphic 
crystalline rocks known as the Piedmont Plateau province. The 
Virginia Coastal Plain region is more than 100 miles wide, and includes 
approximately 9,500 square miles of territory, or about one-fourth the 
total area of the State. 

Because of marked geologic differences in the two provinces, the 
larger streams, and many of the smaller ones, are characterized by 
falls or rapids where they cross the western margin of the Coastal 
Plain, and they always show a marked decrease in the velocity of their 
currents from this point eastward. For this reason, the name ‘“‘fall- 
line” has been given to this boundary, the position of which is marked 
on the accompanying map, figure 1, page 8. 

The Coastal Plain region, characterized by broad, level-topped 
stretches of country of low relief, gradually declines in slope from 
the Piedmont border to the shore-line. The deposits consist chiefly 
of unconsolidated beds of sand, gravel, clay and marl, which may be 
locally indurated by a cement either of iron oxide or carbonate of 
lime. These indurated ledges in the vicinity of Aquia Creek and, in 
places, southward along the western margin representing the oldest 
formation of the Coastal Plain series, have afforded sandstone suitable 
for building purposes. The beds strike in general from north to south, 
although some variation occurs, with a low but variable easterly dip. 
In age, the Coastal Plain beds range from Lower Cretaceous to 
Quaternary. 

The Chesapeake Bay affords unparalleled transportation facilities, 
and its principal tributaries, the Potomac, Rappahannock, York, and 
James rivers, give access to vessels as far westward as the Piedmont 
border—the ‘‘fali-line.” 
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The Piedmont Plateau Province. 


The Piedmont Plateau province hes between the Coastal Plain and 
the Appalachian Mountains. It extends from the eastern slope of the 
Blue Ridge eastward to the western margin of the Coastal Plain, and 
it widens southward (map, figure 1, page 8). Its width increases 
from about 40 miles in the northern portion along the Potomac River 
to nearly 175 miles along the Virginia-Carolina boundary. The sedi- 
ments cf the Coastal Plain lie across the bevelled edges of the crystalline 
rocks of the Piedmont, presenting such marked stratigraphic and 
lithologic contrast that the geologic boundary between the two provinces 
is sharply defined. The transition on the west is less sudden and well 
marked. 


The Piedmont province contains a greater variety of mineral 
resources than either of the other two provinces. In general, the 
surface of the Plateau has a gentle southeastward slope from an average 
altitude of 1,000 feet along the western margin to from 200 to 400 
feet on the east, where the plateau rocks pass beneath the Coastal Plain 
sediments. The topography of the plateau is that of a more or less 
smooth, broadly rolling or undulating upland of moderate elevation, 
into which the streams have rather deeply sunk their channels. 


The drainage of the region is to the southeast into the Atlantic 
waters, and the major streams which traverse the plateau are the 
Potomac, Rappahannock, James, and Roanoke rivers. 


The rocks of the Piedmont region are the oldest in the State and, 
excepting the areas of Triassic rocks, they are all crystalline. They 
comprise both sedimentary and igneous masses usually greatly altered 
from metamorphism. The region is made up of a complex of schists, 
eneisses, and granites, with, in places, areas of slate, quartzite, and 
limestone. This complex is intersected by intrusions of basic eruptive 
rocks belonging to several different types. Over parts of the eastern 
and central portions of the region are areas of altered voleano-sedimen- 
tary rocks which extend southwestward into North Carolina. 


The age of the rocks of the region, excepting the areas of Triassic 
rocks, ranges from probable Archean to early Paleozoic. 


THE APPALACHIAN MOUNTAINS PROVINCE. i Ba 


The Appalachian Mountains Province. 


The Appalachian Mountains province embraces the western portion 
of the State. Its eastern boundary is the southeastern slope of the 
Blue Ridge and its western limits are artificially drawn in the western 
boundary of the State. This province, like the Piedmont Plateau and 
Coastal Plain, extends northeast and southwest far beyond the limits 
of Virginia. 

The topography of the Appalachian province is varied and 
picturesque. Three subdivisions of the province are recognized which, 
named from east to west, are: (1) The Blue Ridge; (2) the Great 
Valley; and (3) the Alleghany Ridges. The limits of these subdivi- 
sions are indicated on the map, figure 1, page 8. 

The Blue Ridge, which forms the eastern boundary of the Appala- 
ehian province, maintains an uneven and knobby crest entirely across 
the State, in a northeast-southwest direction, and has an average 
elevation of not less than 2,000 feet above tide-level. The Blue Ridge 
is composed largely of pre-Cambrian rocks, represented in part, at least, 
by various igneous types, but sandstones and shales of Cambrian age 
are exposed along the western slope. It is a natural dividing line 
between the Paleozoic sediments comprising sandstones, limestones, and 
shales on the west, and the pre-Paleozoic and other rocks on the east. 

The two most westerly sub-provinees, the Valley and the Alleghany 
Ridges, bounded by the two principal ranges, the Blue Ridge and the 
Alleghany Front, on the southeast and northwest, respectively, are 
here treated together under the Greater Valley region. Considered 
broadly, the Greater Valley region is composed of narrow valleys and 
hnear ridges arranged in more or less complex relations. It is composed 
threughout of Paleozoic sediments, which range in age from Cambrian 
to Carboniferous. The principal rock-types include limestone, shale, 
and sandstone. 

The rocks composing the Greater Valley region have been folded 
and faulted and subsequently greatly eroded. As a result. of the fold- 
ing and subsequent erosion, the edges of the formation form linear 
ridges and valleys, developing the well-known Appalachian type of 
topography. 
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EFFECTS OF WEATHERING AND EROSION. 


The surface rocks over all parts of Virginia show some effects 
from atmospheric action. Of the three major provinces of the State 
described above, the Coastal Plain, on account of its very recent 
geologic history, has suffered the least. ‘The remaining two provinces, 
Piedmont Plateau and Appalachian Mountains, bear striking evidence 
over all their parts of profound decay and erosion, which have resulted 
in the removal of vast quantities of rock material. Just how much of 
their surface has been lowered, or what vertical thickness of material 
has been removed from these land areas and carried seaward, would 
probably be very difficult to say, but that it has been large can not be 
doubted. Because of its greater geologic age and the vast length of 
time it has been a land area, the Piedmont Plateau has probably 
suffered the removal of the greatest thickness of material. 

Through this process of weathering a mantle of varying thickness 
of decayed rock material overlies the still fresh or sound rock, except 
where the erosive action has not been too excessive and the slopes too 
steep for its accumulation. This residual material is loose and porous 
or incoherent, consisting usually of clay, sand and gravel, and on the 
immediate surface forms soil. On depth it passes by imperceptible 
gradation into the hard and fresh unaltered rock. The thickness of 
residual material varies from a few inches to, in extreme cases, 100 
feet. Over many parts of the State, exposures of the hard rock are 
rare, except along the. stream courses where the mantle has been cut 
through by erosion. 

This process of rock decay is of very great economic importance. 
Workable ore deposits have been formed by it from sparsely dissemi- 
nated and non-workable mineral matter in the original rocks. This is 
best illustrated in the manganese deposits, in a part of the iron and 
zine deposits, and in other ore deposits of the State. 


DIVERSITY OF RESOURCES. 


There is probably no state in the Union, of the same area as 
Virginia, that can show a greater diversity in geologic resources. This 
is confirmed by the actual exploitation thus far made, and it might 
be naturally inferred from the position which the State occupies with 
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reference to disturbed and undisturbed areas as described above. As 
indicated above and from an examination of the geologic map, the 
State stretches from the Atlantic coast westward nearly entirely across . 
the Appalachian Mountain system. Within this area are found rocks 
ranging in age from pre-Cambrian to Recent, and representing all the 
principal divisions of geologic time. Equally as great a variety of 
rock-types, both sedimentary and igneous, of structure which char- 
acterizes both profoundly disturbed and undisturbed rock masses, and 
of topography, is shown. 

The mineral products* that have been mined and quarried in 
Virginia are discussed in this bulletin in the following order: Iron 
ores, manganese ores, gold and silver, copper, lead and zinc, tin, nickel 
and cobalt, coal and coke, clay and clay products, lime and cement, 
sand and gravel, sand-lime brick, stone (granite, marble, limestone, 
sandstone, slate, crushed stone, and furnace flux), abrasive materials 
(corundum, emery, and millstones), silica (quartz, chert, and diato- 
maceous earth), mica, feldspar, asbestos, tale and soapstone, barytes, 
eypsum, salt, mineral paints, marl, pyrite and pyrrhotite, arsenic, 
phosphate, graphite, rutile (titanium), mineral waters, and precious 
stones (quartz, garnet, allanite, kyanite, fluorite, feldspar, microlite, 
apatite, beryl, columbite, and helvite). 


IRON ORES AND PIG IRON. 


The present commercial deposits of iron ore in Virginia are con- 
fined to the Piedmont and Appalachian regions. The iron ores of the 
Piedmont region occur in metamorphic crystalline rocks of unknown 
age, probably pre-Cambrian in large part; those of the Appalachian 
region occur in sedimentary rocks of Paleozoic age, or the residual 
material derived from them. 

The iron minerals used as ores of the metal in the State are, 
chemically, oxides, of which there are three important types, limonite 
(brown hematite), red hematite, and magnetite. Of these, the brown 
hematite has been and is the principal source of the metal, as indicated 





aA map of Virginia showing location of mines and quarries was published by 
the State Geological Survey in 1909 and partly distributed with Bull. No. I-A. 
Scale of map, 12 miles equals 1 inch. 
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in the table on page 21. The sulphides and carbonate, especially the 


former, occur in many places, but they do not form as yet an important 
source of the metal. 


The iron ores of Virginia may be classified as follows :* 


PIEDMONT REGION: 


1. Hematite. Specular hematite associated with magnetite in the James River 
valley. 

2. Brown ore. Gossan ore forming a capping of pyrrhotite deposits in south- 
western Virginia, and pyrite deposits in northern and central Virginia. 

3. Magnetite. Associated with gneisses, schists, and crystalline limestones, in 
central and southwestern Virginia, and with basic intrusions in the Blue 
Ridge. 

APPALACHIAN REGION: 

1. Hematite. 

(a) Siliceous specular hematite interbedded with lower Cambrian shale 
and quartzite in the Blue Ridge. 

(b) Fossil (red) hematite interbedded with shale and sandstone of Clinton 

(Rockwood) formation in western and southwestern Virginia. 

2. Brown ore. 
(a) “Mountain” ores of the Blue Ridge and the New River district, asso- 

ciated with lower Cambrian quartzite and with residual material 
above it derived from the quartzite and from the overlying forma- 
tions. 

(b) “Valley” ores associated with residual material of the Shady lime- 
stone in the New River district. A few deposits of this nature 
occur with other limestones of the Shenandoah group along the 
Blue Ridge. 

(c) Oriskany ores replacing the Lewistown limestone directly under the 
“Monterey” (Oriskany) sandstone in the western part of the 
Appalachian region. 

3. Magnetite. Magnetite and hematite associated with limonite and iron 
carbonate in the upper part of the Shenandoah group locally in south- 
western Virginia. 

4. Iron carbonate. Iron carbonate occurring with limestone magnetite in the 
upper part of the Shenandoah group locally in southwestern Virginia, 
and as ironstone concretions in the Martinsburg and Romney shales. 


In recent years, the iron ores of the Piedmont region have con- 
tributed only a very minor part of the total production of the ores in 
the State, though small quantities of magnetite and hmonite (brown 
ore) are produced annually from this region. 

Magnetite deposits, usually having the form of lenticular beds 
or elongated pods and interlaminated with gneisses, schists and, in 
places, limestones, are widely distributed through the Piedmont region. 

aHarder, E. C. Bulletin 380, U. 8. Geological Survey, 1909, pp. 216-217. The 
sulphide types of iron ores are omitted from the scheme of classification, as they 


have not yet contributed to the production of metal in Virginia, but are utilized 
in acid making, and are treated under Pyrite and Pyrrhotite on pages 108-111. 


IRON ORES AND PIG IRON. 15 


They occur in Albemarle, Amherst, Appomattox, Buckingham, 
Fluvanna, Franklin, Grayson, Louisa, Nelson, Patrick Henry, and 
Pittsylvania counties. The James River valley area below Lynchburg 
was a principal iron-producing district in the State about a hundred 
years ago, and was exploited again about 1880. In recent years, the 
magnetite ore at Pittsville in Pittsylvania County has been the most 
extensively mined in the Piedmont region. The ore body has a thick- 
ness of 12 feet and occurs between crystalline limestone and mica 
schist. Magnetite has been mined near Rocky Mount, in Franklin 
County, and west of Goblintown Creek in Patrick County. The 
magnetite deposits vary in thickness up to 30 feet and more, and they 
show much irregularity (pinching and swelling) on both the strike 
and the dip. ‘They vary greatly in composition, from bodies containing 
practically all iron ore to those made up largely of gangue minerals 
with but little ore. They include both non-titaniferous and titaniferous 
types. 

Brown (gossan) ore, resulting from the oxidation of pyrite and 
pyrrhotite above groundwater level, has wide distribution through the 
Piedmont region. Jt occurs capping the pyrite bodies in metamorphic 
crystalline schists of unknown age, of Buckingham, Louisa, Prince 
William, Spottsylvania, and Stafford counties, and formed the basis 
for the first iron industry in Virginia; but it has not been mined in 
recent years. Similar ore occurs in Carroll, Floyd, Franklin, and 
Grayson counties, forming the capping of pyrrhotite deposits in 
metamorphic crystalline schists. 

The “Great Gossan Lead” of Carroll-Floyd-Grayson counties is the 
most extensive one of the gossan leads. It is quite variable in width, 
ranging from a few feet up to more than 150 feet. . The gossan consists 
of light brown or yellow limonite, which extends to a depth of from 
10 to 60 feet, and has been mined in many places. 

The brown iron ores of the Appalachian region, which include the 


“mountain,” 


valley or limestone, and Oriskany ores, are commercially 
the most important ores in Virginia. The specular hematites of the 
Blue Ridge are second in importance, the Clinton fossil ores third, and 
the remaining types are of minor importance. These types of ores are 


briefiy described below. 
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Specular hematite occurs in workable quantity along the Blue Ridge 
in Bedford, Botetourt, and Roanoke counties. It occurs interbedded 
with lower Cambrian quartzite and shale, and is believed to be sedi- 
mentary in origin. The ore bed is of variable thickness and has been 
worked at eight localities, as follows:* “The Arcadia and Wood mines, 
about 4 miles southeast of Buchanan; the Ironville and Dewey mines, 
near Montvale; the Lemon, Grubb-Specular and Edith mines, about 
8 miles northwest of Blue Ridge Springs; and the Griffin-Specular 
mine, about 5 miles south of Roanoke. Of these, the Arcadia, Wood, 
Dewey, and Edith mines are at present in operation.” The ore is a 
very siliceous dark-red hematite, in which the iron content ranges from 
less than 35 per cent to 45 per cent, and the silica content from 30 to 
40 per cent.” 

Fossil hematite, interbedded with shale and sandstone of the 
Clinton (Rockwood) formation of the Silurian system, occurs in work- 
able quantity in Alleghany, Lee, and Wise counties. In Alleghany 
County, fossil ore has been mined on the southeast slope of Horse 
Mountain, 3 miles southeast of Lowmoor, and in the bluff northeast 
of Jackson River at Iron Gate. Only one workable bed of ore is known, 
which averages less than two feet in thickness. The ore mined is of 
the soft variety from which the calcium carbonate has been removed by 
surface waters, and it carries 46 to 57 per cent of metallic iron. 
According to Hayes,° nearly 90,000 tons of fossil ore were shipped in 
1907 from mines in the Alleghany County district. 

In the Lee-Wise counties district of southwest Virginia, fossil 
hematite ore is mined south of Big Stone Gap on Wallen Ridge, and in 
Powell Valley, and southwest of Pennington Gap along Poor Valley 
ridge. The Yeary, Irondale, Keystone, and Oreton mines have been 
opened south of Big Stone Gap, and the Pennington, Lavine, Ben Hur, 
Truro, Noes Siding, Grabill, Boones Path, and Ewing mines are 
opened along Poor Valley ridge. In the southwest Virginia district 
there are three ore beds which have been mined, ranging in thickness 

aHarder, E. C. Bulletin 380, U. S. Geological Survey, 1909, p. 225. 


bIbid., pp. 227 and 228. 
cHayes, C. W. Bulletin 394, U. S. Geological Survey, 1909, p. 88. 
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from 6 inches to 2.5 feet. The ores mined are chiefly of the soft 
variety, and are of lower grade than those of the Alleghany County 
district. 

The “‘mountain”’ brown ores, so called because of their occurrence 
along the flanks or at the base of a sandstone or quartzite ridge, extend 
along the west slope of the Blue Ridge from near Front Royal, in 
Warren County, to a point south of Roanoke, and along the east side 
of the New River-Cripple Creek district, in Pulaski County, and along 
and near to the Wythe-Carroll counties boundary. The ore deposits are 
associated with Cambrian quartzite or its residual material, usually 
the latter, show great variation in form and texture, and range in iron 
content from 35 to 50 per cent and in silica content from 10 to 30 
per cent, with usually high manganese and phosphorus. They are ot 
lower grade than the valley or limestone brown ores, and are regarded. 
as concentrations by meteoric water, the iron having been derived 
largely if not entirely from the overlying shale and _ limestone 
formations. 

The valley or limestone brown ores are distributed at intervals 
throughout the Valley region west of the Blue Ridge, in association 
with the residual clays derived from the limestone by processes of 
decay. The principal occurrence of these ores is in the New River- 
Cripple Creek district of Wythe and Pulaski counties, in residual clays: 
derived from the Shady (lower member of the Shenandoah group) 
limestone. A large number of mines have been operated in this district. 

In the northern and central Valley region the limestone brown ores 
are not so abundant, there being less than a dozen deposits that have 
been worked between Roanoke and the Maryland boundary. The 
ores of this region, called the Blue Ridge belt, occur in residual clays. 
derived from the Natural Bridge limestone. 

The ore is disseminated through the residual clay in varying con- 
centrations ranging from large porous masses down to pellets the size 
of a pea. The proportion of clay to ore in the workable deposits varies 
considerably, usually from 5.to 1 to 25 to 1.2 The ores are usually 
richer than the ‘“‘mountain” ores ranging in iron content from 40 to 55 


aHarder, E. C. Bulletin 380, U. 8S. Geological Survey, 1909, p. 244. 
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per cent, and in silica content from 5 to 20 per cent, with usually 
less than 1 per cent of manganese and enough phosphorus to be classed 
as a non-Bessemer ore. 

The valley or limestone brown ores are residual deposits, the iron 
of which was originally disseminated through the rocks and, under 
favorable conditions, has been concentrated during the process of 
weathering and erosion. 

The Oriskany brown ores are the most important of the iron ores 
mined at present in Virginia. The principal district of Oriskany ores. 
includes the counties of Alleghany, Botetourt, and Craig, from which 
nearly all the ore mined of this type is produced. Minor deposits occur 
on Draper Mountain, in Pulaski and Wythe counties; on Peters 
Mountain, Giles County; in the Buffalo Gap area, Augusta County ; 
in Massanutten Mountain, Shenandoah County; and on North 
Mountain, in Shenandoah and Frederick counties.* 

These ores are limited to a definite horizon, in the Lewistown 
(Helderbergian) limestone, immediately below the Monterey (Oris- 
kany) sandstone. They represent replacements of the upper portion of 
the limestone. The ore was derived from the overlying Devonian 
black shales by meteoric waters. Where the shales were of sufficient 
thickness and the underlying Monterey sandstone sufficiently thin and 
fractured, the iron-bearing solutions penetrated into the underlying 
limestone and, under favorable conditions, replaced the calcium 
carbonate by iron oxide, forming the ore bodies. 

The ore deposits are continuous for considerable distances along 
the strike with great variations in thickness of the ore bodies shown, 
ranging up to 75 feet with a probable average of 15 to 25 feet. The 
ore, usually fairly solid but frequently porous with the cavities con- 
taining clay, ranges between 35 and 50 per cent of metallic iron. They 
are usually high in silica and manganese, resembling in this particular 
the “mountain” ores. 

The principal Oriskany brown ore mines” in the State are Liberty 
and Van Buren Furnace mines, in Shenandoah County; the Buffalo 
Gap and Ferrol mines, in Augusta County; the Victoria and Long- 
dale mines, north of Longdale, Alleghany County; the Dolly Ann, 


aHarder, E. C. Ibid., p. 246. 
bOp. cit., p. 248. 
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Iron Mountain, and Stack mines, near Covington, Alleghany County ; 
the Lowmoor and Rich Patch mines, near Lowmoor, Alleghany 
County; the Jordan mines, on Potts Creek, Alleghany County; the 
Calle, Wilton and Circle mines, near Glen Wilton, Botetourt County ; 
the Oriskany and Fenwick mines, in Botetourt and Craig counties, 
near Oriskany; the Gala mines, near Dagger Spring, Botetourt 
County; the Clayton and Peak Knob mines, near Pulaski, Pulaski 
County; and the Locust Hill mine, near Max Meadows, Wythe County. 

The remaining types of Appalachian iron ores in Virginia, in- 
cluding the hmestone magnetite and iron carbonate ores, are of minor 
importance. The principal deposits of the liniestone magnetite ores. 
so far known, occur near Big Sandy Junction, in Giles County, and 
near Abingdon, in Washington County, with smaller deposits else- 
where in southwest Virginia. Jron carbonate is reported in minable 
quantity from only one locality, namely, near Abingdon, in Wash- 
ington County, in association with limestone magnetite ore. 

The iron ores of the State are under investigation by the Virginia 
Geological Survey, after the completion of which a detailed report will 
be published. 

The iron ore mining industry in Virginia showed a decided increase 
in 1909, the figures of production being 837,847 long tons, valued at 
$1,693,188, as against 692,223 long tons, valued at $1,465,691 in 
1908. This was an increase over the 1908 production, of 145,624 long 
tons or 21.08 per cent in quantity, and $227,497 or 15.52 per cent in 
value. The average price per tone of ore in 1909 was $2.02. 

The production of iron ores in Virginia during 1910 amounted to 
903,377 long tons, valued at $1,845,144. These figures represent an 
increase over the production for 1909, of 65,530 long tons or 7.82 per 
cent in quantity, and $151,956 or 8.97 per cent in value. The average 
price per ton of the iron ore mined in Virginia during 1910 was $2.04. 
The 1910 production of iron ores in the State represented the output 
of forty-nine mines distributed among fourteen producers operating in 


the same number of counties (14). The counties producing iron ore 
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in the State during 1910 were as follows: Alleghany, Augusta, Bed- 
ford, Botetourt, Carroll, Craig, Lee, Pittsylvania, Pulaski, Roanoke, 
Rockbridge, Smyth, Washington, and Wythe. 

There is given in the table below the total production of iron ore— 
in Virginia by varieties, from 1900 to 1910, inclusive. It will be 
observed that brown hematite is vastly the most important, producing 
at present 90.89-++ per cent of the total. The next in order of im- 
portance is red hematite, which contributed, in 1910, a little over 9 
per cent of the total production, while magnetite for the same year 
amounted to less than a half of one per cent. 


Production of Iron Ore in Virguua, by Varieties, 1900-1910, m 
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. Brown Red ; Total Total 

Year | hematite hematite Magnetite quantity value 
LOGS ert cae. | 918,157 BD HB4 Meek en tee iete 921,821 | $1,489,318 
TOOL Boe peter. 910,214 13,156 2,024 925,394 1,466,423 
LQ0 2B Ts errs 953,128 31,677 3,153 | 987,958 | 1,667,456 
LOD Rae eet te 764,948 31,609 4,604 | 801,161 1,432,624 
[90 4a Peer sree | 528,853 17,952 3,448 500,253 951,478 
OOD aS eeue ens. 704,470 30,007 518 | 740,345 | 1,256,428 
OCG ae ick are wk 735,204 92,257 620 828,081 1,579,817 
LODT See. Pore 696,518 89,867 471 786,856 1,538,920 
1D0G Reta tex 626,910 64,323 990 692,223 1,465,691 
L900 Se atwieaee . 762,937 72,955 1,955 837,847 1,693,188 
1910 AN a cal 821,131 81,647 599 | 903,377 1,845,144 





alncludes West Virginia, but practically the total production was from Virginia. 


A good idea of the distribution of the different varieties of iron 
ore produced in Virginia in 1910 may be gained from the table below, 
in which the total production is classified by varieties and counties. 
Brown hematite, which constitutes at present the chief ore, comes 
mostly from the Appalachian counties west of the Blue Ridge, with 
only a minor production from the counties in the crystalline area. 
The same is true for the production of hematite, which now stands next 
in importance to brown hematite. Deposits of magnetite are widely 
distributed through the crystalline area, which form important 
reserves of iron ore, but the production of magnetite in the State has 
been very small and of minor importance. 
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Production of Iron Ore in Virginia, by Counties and Varietres, 1910, 
in long tons. 





























Brown hematite Ses Red hematite , 

GOunLy Long tons Value Long tons walne 
lle giarivene ss oe css « waa, i 12 $ 582,068 (a) (a) 
Boiiord 

edfor 
Gall | ‘abel ah eater Bee 147,298 272,768 (a) (a) 
Craig J 
PSEFEOUOUL GT aie wt cee 168,148 398,928 
Thee 28 tee ai apt ea eg cea Pe ero (a) (a) 
Pittsylvania | 
Pea ; mee 127,185 202,099 
Smyth y 
Rockbridge Ph, 20 Rata 14,001 a BAM 
Rye e nae ae \ ye ee 130,326 215,939 
POUR or ere yc 821,730 $1,703,018 81,647 $ 142,126 
| 








alIncluded under total in order to avoid disclosing individual production. 
bIncludes 599 tons of magnetite. 


The average price per long ton of the different varieties of iron 
ore produced in Virginia during 1910 follows: Brown hematite $2.07, 
red hematite $1.74, and magnetite $1.50. These prices represent the 
value of the ore at the mouth of the mine, and are taken directly from 
the replies of the producers. 

The production of pig iron in Virginia during 1909 amounted to 
391,134 long tons, valued at $5,550,000, as compared with 320,458 
long tons, valued at $4,578,000 in 1908, an increase in quantity of 
70,676 long tons or 22.05 per cent, and in value of $972,000 or 21.21 
per cent. The 1910 production of pig iron in Virginia amounted to 
444,976 long tons, valued at $6,150,000, an increase over the production 
of the preceding year of 53,842 long tons in quantity, and $600,000 in 
value. 

There is given in the table below the production of pig iron in Vir- 
ginia for the years 1905 to 1910, inclusive. 


ae 


MINERAL PRODUCTION OF 


VIRGINIA. 


Production of Pig Iron in Virginia, by years, 1905-1910. 














| 
Quantity Value 
Year Long tons Value per ton 
LOUD oiac Rane ate ae 510,210 $7,540,0002 $14.78 
L90G)aie Sh Reis eae rea 483,525 8,591,000a Ad Y Bea 
1907 ett Ge ee eee ee 478,771 8,963,000 18.72 
L908, 2s ee eae tea 320,458) 4,578,000 14.29 
LOUD £0 Ss See Res eee are 391,134b 5,950,000 14:19 
1910: ARR ee ee ieee 444,976» 6,150,000 13.82 
akKstimated. 
bBirkinbine, J. Personal communication. 
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lobdell* Car: Wheels Comers sie eecis cistreesheast rete Wilmington, Del ...... White Rock Furnace 
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IPEDS UN SCH wd eV focekeye ase 6,0 o..c scenic sperecs se %s! Sieve Buenas Vistay a... Rich Patch 

LTA WAL oe 1 LN USO geal acs, acs, wig cay weno ee OL 5 IPTECS Vill emis. naires nites tee Pittsville 

Poplar Cam pevininorwCor re .c ceeerts stele esters Max Meadows ........ Ivanhoe and Max Mead- 
ows 

Princess sHiurTnace COL: pas hlskesintt he 8 0.8 vile cas Glen Will COMet ae ts ets Glen Wilton 

OLAS KALE OMM CG Ome rtoteee ter cleiers| suetane, ci oho? aio os Pilask Mitac tesctetes ote ors eres 6 Allisonia, Buchanan, 


Cripple Creek, Foster 
Falls, and Pulaski 


SANGECLS cu CE CLALD reciente desl Witte ele eats sees ELT OULVITI Capen tate stetcra a 2 Troutville 
SGHCED Aw Ge ATO IOCHELS y t.c0e 0 cle aa stones 6 oe Charleston, Ws.) Vat 1. Grottoes 
OID CMRE Mn etcn tere eiersneue! oh Se Sevense ele eereuate w, 6-66 Happye Creeks ciicr «o's Happy Creek 
RSPR MEN Vee WVleartceeneds usast «hc aaeiel ogee Rett ate goa vote PsN ouaayede lovely GW Graney Hic oak Adwolf 
PUTS eee Eee Pa erase chcccig others « ana eusverenl ere EN OUMLeTO VO litre: wopene creer. Limeton 
Union Iron & Steel Co., L. O. Pettit, Re- 

COLVOLM hae oct Pelctehs le ei alste atic s ble Sis Bicsstone. Gap. aectei Ewing 
Utah-Virginia Mining Corporation......... Salt Lake City, Utah. .Troutville 
CSM Se VRID TT 2 NCOl: a0 4 olerehs Senctcters te. s/eusiaretens Baltimore, Mad) Ys 2. > <i. Greenville 
Viroinia, ClayréeMaterialiCo. 2 oo «oo oeten LET UWS OU etna in Sia BIG r Farmville 

Allisonia 


Baker Mines 
Barren Springs 
Blue Ridge Springs 
Clark Summit 
Cotopaxi 

Cripple Creek 
Foster Falls 


Mirgimiar tron, Coal &iCoke'@Onwc. noc. ase. « VOAMOK Comments ere acs Graham 
Interior 
Max Meadows 
Montvale 
Ogden 
Reed Island 
Roanoke 
Speedwell 
VWareinta ee Lromecc mI DES COM. sacs <6 whet se Philedelphia, Pass... 
Wi ESI He ORCa Gre LOM s © Ommeiens telerens 6 ¢hs.ls,rals layers Baltimore: MGM ae. si. <r Berryville 
VES eS COT 11) Oren tet ee) caetceehere oop eka.e tare, aves Max Meadows ....... Austinville 
WGS Te HeC eae ITTV CON On teeta citre ce cis) 6 sans Se mene RGANOKE Wein selec ote shot ee Allisonia 
VDL aT eS Ol tee OLIN Dit aie eere Bau Sc are ao Bristol, Va.-Tenn ....Bonsacks 
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Virginia has more known deposits of manganese, they extend over 
a larger territory, a larger number of localities have been worked, 
and more manganese has been produced than in any other state in the 
Union. Manganese ores occur in each of the three major geologic 
provinces of the State, namely, the Coastal Plain or Tidewater belt, 
the Piedmont province or crystalline area, and the Appalachian 
Mountains province or Paleozoic area. Of these the Mountain (Valley) 
province has yielded the principal production, with extensive opera- 
tions and a large total production from the Piedmont province. Only 
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a slight production has come from the eastern or Coastal Plain 
province. 

Manganese occurs natively in a variety of mineral combinations 
but only the oxides of the metal are of commercial importance in 
Virginia. Of these, pyrolusite and psilomelane greatly predominate 
with, in places, much of the earthy oxide, wad. These different oxides 
often occur admixed in varying proportions. The ore is frequently 
partially or entirely crystalline, of a dark steel-blue color, and the 
nodular (kidney) type, which usually prevails, often displays the 
complete or partially layered structure of concretionary masses. 

The manganese ores are usually found imbedded in the residual 
clays which overlie the rocks, from which the clays have been derived 
by the usual processes of decay. The underlying rock yielding the 
ore-bearing clays may be of sedimentary or igneous origin, and may be 
the usual consolidated sediments, or a metamorphic crystalline type. 

The ore is distributed through the clays in an irregular manner 
in the form of pockets or lenticular masses, rarely as distinct beds; 
as veinlets and stringers cutting the clays in all directions; as single 
nodules and masses, ranging in weight up to 500 pounds, assembled in 
the clays; as small disseminated grains scattered through the clays; as 
breccia ore in large masses; and as probable replacement and cavity 
fillings in sandstone or sandy clay. In places, both in the Piedmont 
and Valley regions, the ore distribution conforms in a general way to 
the bedding of the inclosing clays; frequently, however, this is ob- 
scured and the ore bodies indiscriminately cut the clays in all 
directions. 

In the Piedmont region where the residual clays have been derived 
from the decay of crystalline schists, and the original schistosity of 
the rocks preserved in the clays, the ore frequently conforms with the 
foliation and is disposed in thin stringers and sheets much after the 
manner of interleaving. ‘The pockets show much variation in size and 
number, ranging from small nests to bodies yielding many tons of ore. 
They are rarely composed of solid ore free from clay, but the ore forms 
thickly-studded nodules in the clays. The pockets may be closely 
spaced or they may occur at wide intervals, usually not connected, 
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although at times stringers or irregular nodules may lead from one 
pocket to another. 

The principal productive manganese deposits in Virginia are 
(1) those of the Piedmont region, occurring chiefly in Campbell and 
Nelson counties, northeast and south of Lynchburg; and (2) those of 
the Valley region occurring along the west slope of the Blue Ridge. 
Numerous mines have been worked in the Piedmont region. 

In the Valley region the principal manganiferous ore belt lies 
along the west slope of the Blue Ridge. Workable deposits of manga- 
nese ores have been found in each county bordering on the western slope 
of the Blue Ridge. The Blue Ridge iron ore mines occur along this 
belt, many of which contain some manganese in the form of man- 
ganiferous iron ore, and similarly many of the manganese deposits 
contain some iron. The manganese ores are usually found embedded 
in residual clays derived from Cambrian ferriferous shales, which 
overlie the Cambrian quartzite. In other places over the Valley region, 
manganese ores occur similarly embedded in residual clays derived 
from limestone of Cambro-Ordovician age. The famous Crimora 
mine in Augusta County has produced more manganese ore than all 
other mines in the United States combined. 

Virginia has always been the principal producer of manganese 
ores in the United States. The figures of production in 1909 were 
1,334* long tons, valued at $14,275, as compared with 6,144 long tons, 
valued at $62,776 in 1908. This represents a loss of 4,810 long tons, 
or 78.3 per cent, in quantity, and $48,501, or 77.25 per cent, in value. 
There were 2 producers of manganese ores in 1909, operating in 2 
counties. The production for 1910 was as follows: 2,059* long tons, 
valued at $18,509. These figures represent an increase, over the 1909 
production, of 725 long tons in quantity, and $4,234 in value. There 
were four producers of manganese ore in 1910, and one of manga- 
niferous ore. The production came from the following four counties: 
Augusta, Campbell, Rockingham, and Warren. In addition to the 
figures given above, 2,085 long tons of manganese ore were reported as 
stock on hand at the close of 1910. 

There are given in the table below the figures of production and 
value of manganese ores in Virginia from 1903-1910, inclusive. 


aIncludes small production of manganiferous ore. 
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Production and Value of Manganese Ores in Virginia, 1903-1910. 


























Quantity Average value 
Year Long tons Value per ton 
1 GUS Fee eae eo ee sae, 1,801 $ 19,611 $10.89 
QUA CA Sens wi ve. tle ee 3,054 28,406 9.30 
LO0G. Ue eneee eer ae 3,947a 30,209 8.92 
LO00 2), «che tc tortivae NCE ee 6,028 17,022 12.86 
LOU mavrtas, eee me reece 4,604 56,469 a Dae | 
1908 oe hal sete isk eee ae | 6,144b 62,776 Lee 
1909 Bee en cane een ee eel 1,334¢ 14,725 10.70 
1910 328s eras ee eee ee 2.059¢ | 18.509 8.98 
aIn addition, 453 tons of tailings, valued at $406, were shipped. 
bIn addition, 274 tons of manganiferous iron ore were sold. 
cIncludes small production of manganiferous ore. 
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GOLD AND SILVER. 


The Virginia Mining Company of New York, operating between 
the years 1831 and 1834 the Grasty tract of land in Orange County, 
was the first gold mining company incorporated in Virginia. In 1836, 
there was considerable activity in gold mining in the State, and the 
production was reasonably steady from the rediscovery in 1831 to 1850, 
the annual value being given between $50,000 and $100,000. In- 
creased activity in gold mining in the State was manifested in the early 
fifties, but the Civil War almost completely stopped mining operations 
in Virginia and in the South generally. Considerable activity was 
again manifested in the Virginia gold fields after the close of the 
Civil War, and milling and reduction plants were erected at various 
points. Many of these attempts met with only small success and in 
most cases were abandoned, not because of the lack of ore, but because 
largely of bad mangement and inexperienced mining, together with a 
change from free milling to pyrite ores. 

The principal gold-bearing areas are arranged in a belt which 
begins in Montgomery County, Maryland, and extends across Virginia 
in a southwestward direction to the North Carolina line. The belt 
varies in width from 15 to 25 miles, and is 200 miles long, with its best 
developed portion in Fauquier, Stafford, Culpeper, Orange, Spottsyl- 
vania, Louisa, Fluvanna, Goochland, and Buckingham counties. Gold 
is also found in Appomattox, Prince Edward, Charlotte, Halifax, and 
Pittsylvania counties, which mark the southwest extension of the 
principal belt. Excepting Halifax, which has been a producer for 
several years, no developments have been made in the last-named 
counties. ) 

A smaller belt occurs on the west side of the Blue Ridge in 
Montgomery, Floyd, and Grayson counties, but is undeveloped and has 
proved of little economic importance. 

Many of the mines in the principal belt have produced large 
quantities of gold, as shown in the United States mint returns, and 
have been rather extensively worked. Preparations are in progress for 
the resumption of mining at a number of the mines in the principal 
belt. During 1910 considerable interest was manifested at many 
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places within the belt in exploiting old and new properties. The 
principal gold belt is crossed by innumerable streams bordered by 
placers, many of which have been worked over several times. 

The principal rocks of the gold belt are micaceous schists and 
gneisses, often garnetiferous and chloritic, and in places hornblendic. 
They include both altered sediments and igneous masses. The pre- 
vailing strike is N. 20° E., and the dip is toward the east and southeast 
at varying angles, frequently steep, and in many cases nearly vertical. 
Granite masses and basic igneous rocks occur in the region, sometimes 
sheared from dynamic causes. 

The gold-bearing veins are chiefly quartz, which vary in texture 
from large crystalline masses to very fine saccharoidal grains. In 
structure, they vary from massive to thin platy or schistose bodies, 
both usually penetrated by closely spaced irregular fractures. The 
principal metallic content is auriferous pyrite, which at times is 
copper-bearing and contains more or less admixed chalcopyrite. 
Within the weathered zone, extending from the surface down to local 
water-level and of varying depth, the quartz is more or less porous and 
discolored or stained with iron oxide from the oxidation of the sulphide 
minerals, and the liberation of free or elementary gold. Below the 
local water-level the veins are fresh, the sulphides are unaltered, and 
elementary gold is less frequent in occurrence. The early operations 
were confined largely to the oxidized portions of the veins which yielded 
a free-milling ore that was easy of treatment. Since then, operations 
chiefly include the mining of sulphurets or the sulphide bodies, which 
require a different metallurgical treatment of the ores in order to 
extract and recover the gold. 

The gold-bearing veins conform in the main to the structure, strike 
and dip of the inclosing rocks, a fact which has caused various explana- 
tions to be advanced for their origin by different observers. Although 
the veins conform in the main to the dip and strike of the inclosing 
rocks, the correspondence is far from being exact, for they frequently 
cut the schists at small angles both in dip and strike. 

Excepting quartz and pyrite, the gangue minerals in the gold veins 
of Virginia comprise the following species: Chalcopyrite, native 
copper, galena, mispickel (arsenopyrite), pyromorphite, tetrahedrite, 
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tourmaline, vanadinite, sphalerite, pyrrhotite, and siderite. So far 
as the gangue minerals are concerned, the Virginia gold ores are 
entirely typical in character. The ores are quartzose deposits in which 
pyrite is usually present, chalcopyrite common, and mispickel and 
sphalerite are not rare. 

In 1904, the production of gold and silver in Virginia was con- 
tributed to by eleven counties. From the United States mint returns 
for 1905, the gold production in Virginia increased in value, over 1904, 
$1,182; and silver decreased $3,779. In 1905, seven mines were 
reported producing, three of which were placer mines. According to 
Lindgren, the four deep mines yielded an estimated tonnage of 800, 
with an average value of $5.35 per ton in gold and silver. The pro- 
duction in 1906 showed an increase over that of 1905 of $9,850 in 
gold and $61 in silver. There were 9,565 short tones of siliceous ores 
raised which yielded an average extraction of $4.17 per ton. There 
was no reported-production for the year from placer mines. In 1907, 
the total production of gold was valued at $8,288 and of silver $146, 
a decrease from that of 1906. According to McCaskey, seven mines 
reported a production, six of which were deep mines, yielding 26,822 
short tons of ore. Of this, 1,128 short tons were siliceous ores which 
yielded an average extraction of $7.83 per ton in gold and silver; 
25,044 short tons were siliceous and cupriferous sulphide ores, giving 
an extraction of $0.002 per ton in the precious metals; and the re- 
mainder were lead ores which yielded no gold or silver. 

Four placers and four deep mines reported a production in 1908. 
According to McCaskey, the deep mines reported 12,877 tons of ore, 
230 tons of which were siliceous gold ores, with an average value in 
precious metals of $7.1385 per ton, and 1,896 tons were copper ores 
yielding $0.05 in precious metals and 12.4 pounds of copper per ton. 
Eight hundred (800) tons of lead ores yielded gold and silver valued 
at $0.28 and 95.2 pounds of lead per ton. 

Virginia produced, in 1908, 118.57 fine ounces of gold valued at 
$2,451, and 236 fine ounces of silver valued at $125. This shows a 
decrease from the production of 1907 in gold of 283.43 fine ounces 
in quantity, and of $5,849 in value, and a decrease in silver of $21 
in value, but an increase of 15 fine ounces in quantity. In 1909, the 
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total production of gold was 181.41 fine ounces valued at $3,750, and 
of silver 4,825 fine ounces valued at $2,509, an increase in value over 
that of 1908 of $1,299 of gold and $2,384 of silver. Eight mines 
contributed to the production, five of which were placers and three 
deep mines. According to McCaskey, the deep mines yielded 14,075 
tons of ore, 250 tons of which were siliceous gold ore of an average 
value of $2.09 per ton, and 138,825 tons were copper ores and pyrite 
cinder yielding 35 cents in precious metals and 16.2 pounds of copper 
_ per ton. 

In 1910, the production of gold and silver in Virginia showed a 
marked decrease over that of 1909. ‘The total production of gold was 
42.96 fine ounces valued at $888, and of silver 128 fine ounces valued 
at $69. 

There is given in the table below, compiled from the production 
reports of the United States Mint and Mineral Resources of the United 
States, the production of gold and silver in Virginia by years. 


Production of Gold and Silver in Virginia by years. 
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In the subjoined table are given the quantity and value of gold and 
silver produced in Virginia for the years 1906, 1907, 1908, 1909, 
and 1910. 
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Production of Gold and Silver in Virginia by years, 1906-1910. 
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COPPER. 


Copper ores are found in many counties of the State and in a 
variety of occurrences. They are confined to the crystalline rocks of 
the Piedmont Plateau and the Blue Ridge Mountains, and to the 
Triassic red beds, which form numerous small areas in the Piedmont 
province: 

The known geographic areas of these ores in the State are: 

I. THE PIEDMONT REGION: ° 


(1) The Virgilina district, which includes Halifax and Charlotte counties 
in Virginia, and Person and Granville counties in North Carolina. 


(2) The deposits on or near Southwest Mountain in Albemarle County, and 
those near New Canton, Arvonia, and Dillwyn, in Buckingham County. 


(3) The pyrite bodies in Louisa, Stafford, and Prince William counties, 
mined principally for their sulphur content, but carry at times 
sufficient copper to warrant saving. 


IJ. THt NORTHERN BLUE RIDGE REGION: 
Includes those deposits from near Front Royal southward, embracing parts 
of Warren, Fauquier, Rappahannock, Madison, Page, and Greene counties. 


Ill. THE SouTHWEST VIRGINIA REGION: 
Includes the “Gossan Leads” of the Floyd-Carroll-Grayson counties plateau. 


IV. THE TRIASSIC AREAS: 
Includes deposits chiefly in Loudoun, Culpeper, and Orange counties. 


Geologically, the copper ores are confined to the crystalline rocks, 
cither the schists or gneisses or the massive igneous rocks of the Pied- 
mont and Blue Ridge provinces, and to the red shale-sandstone series 
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of the Triassic areas. In the Virgilina district, the ores occur in 
quartz-fissure veins which intersect or he in an altered andesite and. 
associated tuffs of probable pre-Cambrian age. The ores of the 
northern Blue Ridge region are segregated in and disseminated 
through basaltic flows of pre-Cambrian age, rocks designated by Keith 
as Catoctin schist. The “Great Gossan Lead” of the Floyd-Carroll- 
Grayson counties plateau, in southwest Virginia, is a mineralized 
faulted zone in schists of doubtful age, probably pre-Cambrian in part. 
The rocks are in part altered sediments and in part altered igneous 
masses of basic and acid types, principally the former. 
The Virginia copper deposits may be grouped into five types: 

(1) Pyrite masses in schistose rocks worked chiefly for their sulphur content, but. 

containing enough copper in places to be saved. The well-known and exten- 


sively worked pyrite bodies near Mineral, in Louisa County, and near Dum- 
fries, in Prince William County, are the best representatives of this type. 


(2) Pyrrhotite veins containing chalcopyrite and some pyrite in schistose rocks 
referred to usually as the Ducktown, Tennessee, type, the most productive 
copper district in the South. The best representative of this type in Virginia 
is the “Great Gossan Lead” in Carroll County. 


(3) The Virgilina type in Virginia and North Carolina which represents quartz- 
fissure veins carrying chalcocite (copper glance) and bornite (horseflesh ore), 
with little or no pyrite and chalcopyrite, in volcanic rocks of intermediate 
character and their associated tuffs. 


(4) The northern Blue Ridge or Catoctin type, the ores of which are chiefly native 
copper and cuprite with small amounts of the carbonates, azurite and 
malachite, and very rarely copper sulphides associated with epidote and 
quartz in a basic voleanic rock, and as grains disseminated through the rock. 


(5) The Triassic type, carbonate, representing sparsely disseminated copper ores, 
chiefly sulphide, and phosphate of copper, in sandstones and shales of 
Triassic age. 

In addition to these five types, copper in the form of the mineral 
chaleopyrite is a frequent associate with gold in the gold-bearing 
quartz-pyrite veins in the principal gold belt of the Piedmont province. 
Copper has not been observed, however, at any locality within the 
State in this mode of occurrence to be regarded as of commercial value. 

Mining operations for copper in the State have been confined prin- 
cipally to three districts; namely, the Virgilina district, the northern 
Blue Ridge district, and the “Great Gossan Lead” district. Isolated 
deposits, which do not properly fall within either of these three 
districts, have been exploited in a number of localities, confined almost 
exclusively to the Piedmont counties. 
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The Virgilina copper district is, commercially, the most important 
district in Virginia, and the systematic study and detailed mapping 
on a large scale of the district has been completed by the State Survey, 
and the report is nearly-ready for the press. It is located 47 miles 
east of Danville on the Atlantic and Danville division of the Southern 
Railway, and includes a part of Halifax, Charlotte, and Mecklenburg 
counties. 

The principal developments in the district, which include a large 
number of mines, are confined to an approximate north-south distance 
of eighteen miles, and an average width of from two to three miles. 
The present productive portion of the district has about equal extension 
in the two states, Virginia and North Carolina. The country rock is 
schist, derived principally from intermediate and acid volcanic rocks 
and their associated tuffs. The schistosity of the rock strikes 
N. 10° to 20° KE. and dips eastward from 70° to 80°. The quartz 
veins, of which there are many, are usually more or less parallel, and 
strike N. 5° to 10° E., with considerable variations from this direction 
in places. Mining developments show that copper occurs in most of 
the veins in greater or less quantity. The veins are lenticular bodies 
of quartz which, in some cases, show very uniform continuous out- 
eroppings at the surface. ‘The workable ores comprise chalcocite or 
glance (copper sulphide) and bornite (copper-iron sulphide) in a 
siliceous gangue. Small masses of calcite and feldspar are occasionally 
noted as gangue minerals. Cuprite (copper oxide), malachite and 
azurite (green and blue carbonates of copper) occur as alterations of 
the original sulphides. Some native copper is noted in places. Chal- 
copyrite and pyrite are almost entirely absent. The worked ores are 
free from arsenic and antimony, but carry values in both silver and 
gold, particularly the former. 

The “Great Gossan Lead” of Floyd, Carroll, and Grayson counties 
is a vein traceable for some eighteen miles. It is composed chiefly of 
pyrrhotite with admixed quartz and schist, and carries streaks and 
patches of chalcopyrite and pyrite. The vein fills a fault fracture 
in crystalline schists, varies in width from a few feet to one hundred 
feet, shows a somewhat variable but average dip of about 45°, and has 
in general an approximate northeast trend. The region was actively 
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prospected in the early fifties, and the rich secondary copper ores 
found beneath the gossan were boxed and shipped to Baltimore. Dur- 
ing 1854-5, there were eight producing mines on the “Gossan Lead” ; 
the aggregate amount of ore shipped for the six months from January, 
1855, to July, 1855, being 1,454,363 pounds. The ore averaged about 
25 per cent copper. The copper content of the sulphide masses 1s too 
low (averaging less than 1 per cent metallic copper) to work for copper 
alone, but the vein is mined on Chestnut Ridge and the ore treated at 
Pulaski for sulphur, so that the residue is available for copper. 

The northern Blue Ridge region, which extends from near Front 
Royal southward, embracing parts of six counties, has been extensively 
prospected, and many mines have been developed, but as yet with little 
production of the metal. The ores of the Blue Ridge region consist 
chiefly of cuprite and native copper, small amounts of green and blue 
carbonates, and less of the sulphides, bornite and chalcopyrite. The 
native copper often occurs as nucleal masses surrounded by cuprite. 
Bornite is in excess of chaleopyrite. The ore occurs along crevices and 
joints in small, irregular shaped lenses of quartz, and as disseminated 
erains through the more epidotized portions of the basalt. It occurs 
mostly where the rocks are fractured and epidotized. When ore- 
bearing, the rocks are yellowish green in color, due largely to the for- 
mation of epidote and, in part, of chlorite. 

During the early part of the last century, attempts were made to 
mine the sparsely disseminated copper ores in the red sandstones and 
shales of Triassic age over parts of Loudoun, Culpeper, and Orange 
counties. While considerable work was done, the ores appear to be too 
generally diffused in the rocks to be of commercial value. No veins 
have been found and no well-defined horizons are known, the ores 
occurring for the most part as films or thin coatings of malachite on the 
joint surfaces, and as disseminated grains of the sulphide and phos- 
phate of copper through the rocks. Rich specimens of copper glance 
and copper phosphate are sometimes obtained, but they are by no 
means abundant. 

The production of copper in Virginia during 1909 was 224,162 
pounds, valued at $29,141, as compared with 24,775 pounds in 1908, 
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valued at $3,270, an increase of 199,387 pounds in quantity and $25,- 

871 in value. The production in 1910 showed a marked decrease over 

that of 1909, amounting in total to 5,402 pounds in quantity, valued 

at $686. ; 
LEAD AND ZINC. 


Lead mining in Virginia dates back more than 150 years, and the 
old lead mines at Austinville on New River, in Wythe County, were 
the first to be worked. For many years after the Virginia mines were 
operated, mining was confined exclusively to the lead ores. Zine ores 
were first discovered at Bertha near Austinville, in Wythe County, 
during the year 1876. Mining of zinc ores in Virginia dates from the 
opening of the-mine at Bertha in 1879, when a small shipment of ore 
was made to Providence, Rhode Island. The metal obtained from these 
ores proved to be of such rare purity that attention was directed at 
once to them, and a smelting plant was built at Pulaski, which was 
later remodeled and enlarged, and is owned and operated at present by 
the Bertha Mineral Company. The ‘‘Bertha” spelter is of exceptional 
purity, and has a world-wide reputation. 

Excepting the single deposit in the extreme southwestern part of 
Albemarle County, the known deposits of lead and zine in Virginia are 
limited to the Valley province west of the Blue Ridge. AI] mining and 
prospecting for lead and zine ores in this province have been confined 
to the western half, extending from and including Roanoke County on 
the east to and including Scott County on the southwest. Ores of lead 
and zine are known to occur either sparingly or in quantity in the 
following counties: Roanoke, Montgomery, Pulaski, Wythe, Smyth, 
Bland, Tazewell, Russell, Scott, and Albemarle. Of this number, only 
one county, Wythe, has shown as yet producing mines. More or less 
prospecting has been attempted in the majority of the counties named 
above, and small amounts of the ore have been mined in a number of 
them. 

Geologically, the occurrence of lead and zine ores in southwest 
Virginia is limited to the magnesian limestone of Cambro-Ordovician 
age, known as the Shenandoah or Valley limestone. The known com- 
mercial deposits of these ores occur near the eastern side of the Valley, 
though several promising prospects are opened near the western side. 
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The ores include (1) the original sulphide forms  sphalerite 
(sulphide of zinc), galenite (sulphide of lead), pyrite (sulphide of 
iron), and in several places chalcopyrite (the double sulphide of iron 
and copper); and (2) the secondary or oxidized forms which have 
been derived from the original sulphides and occur in the residyal 
clays derived by weathering from the limestone. These include cala- 
mine (hydrous silicate of zinc), smithsonite (carbonate of zinc), and 
cerussite (carbonate of lead). Named in the order of their importance, 
dolomite, calcite, barite, fluorite, and quartz are the associated non- 
metallic minerals. 

The bulk of the sulphide ores belong to the disseminated replace- 
ment breccia type. Little or no replacement of the lmestone by the 
ore is indicated in some places. ‘The zones of breccia ore are asso- 
ciated with faulting and folding. Not all parts of the breccia zones 
are mineralized, but the ore is distributed at irregular intervals. The 
oxidized ores usually show much richness, and are often concentrated 
in massive form as large, irregular masses and layers, principally 
at and near the bottom of the residual clays, closely hugging the 
irregular weathered surface of the hmestone. Until recently only the 
oxidized or secondary ores have been mined. ‘These have been 
practically exhausted and attention is now directed to mining the 
original sulphide ores in the fresh limestone. 

The ores are shipped to Pulaski, and smelted at the zinc smelting 
plant of the Bertha Mineral Company. Three grades of spelter are 
made, branded according to purity: ‘‘Bertha Pure Spelter,” ‘Old 
Dominion,” and “Southern.” 

The single deposit of lead and zinc ores in Albemarle County is 
the only type of its kind known in the South. The mine is owned by 
the Albemarle Zinc and Lead Company, and is located two miles 
slightly north of east from Faber. The associated rocks are meta- 
morphie erystalline schists, cut by dikes of diorite and diabase. The 
inetalliferous vein, traced for a distance of several miles, averages about 
four feet in width, strikes N. 45° E., and dips 80° to 85° northwest. 
Where opened, the vein is of the lenticular type, composed of bulbous 
bodies of fluorspar and some quartz through which the ore, blende and 
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galena, is distributed. The ore is treated in an 80-ton mill erected at 
the mine. 

The production of lead in Virginia in 1908 was 76,190 pounds, 
valued at $3,200. There was no production of lead or zine reported 
from the Virginia mines in 1909. The production of zine reported 
is to be credited to the reworking of old dumps. The 1910 production 
of lead amounted to 198,850 pounds, valued at $8,750. 

The production of spelter in Virginia in 1906 was 1,148 short tons, 
valued at $189,446; in 1907, 771 short tons, valued at $90,978; in 
1908, 910 short tons, valued at $85,540; in 1909, 58 short tons, valued 
at $6,298; and in 1910, 794+ short tons, valued at $85,758. 


TIN, 


Though not a producer of tin, the existence of tin ore in the 
Irish Creek area of Rockbridge County has been known for many years, 
and in 1883 and later the deposits were opened in several places. The 
Irish Creek area is about 4 miles long in a northeast-southwest 
direction and 3 miles wide, embracing a total area of 12 square miles. 
The immediate rocks of the area are of granitic composition, composed 
principally of a coarse aggregate of quartz and feldspar (orthoclase 
and albite), with hornblende, and in places some epidote. Dikes of 
fine-grained altered diabase cut the granitic rocks in all directions, 
und apparently are frequently associated with the tin-bearing veins. 

The tin ore (cassiterite) occurs principally in greisen veins, which 
traverse the granite in all directions and have steep though varying 
dips. The veins are usually narrow, not exceeding a foot and less, 
though a greater thickness is frequent and some of the veins measure 
several feet across. The cassiterite is disseminated in small crystals 
and fine grains indistinguishable to the naked eye. ‘The associated 
minerals comprise wolframite, mispickel (arsenopyrite), pyrite, and 
beryl. In addition to these, siderite, limonite, chlorite, muscovite, 
damourite, and fluorspar have been reported. The mispickel is re- 
ported by McCreath to contain both gold and silver. 
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NICKEL AND COBALT. 


The existence of nickel in Virginia has been reported from a 
number of localities in the Piedmont region, especially in association 
with the extensive pyrrhotite bodies of the Floyd-Carroll-Grayson 
counties plateau in southwest Virginia, and in Amherst County east of 
Lynchburg. More recently nickel in association with peridotite masses 
has been reported from near Broadrun station in Fauquier County. 
In addition to the above occurrences, cobalt is found in association 
with some of the impure earthy manganese deposits of the Valley 
region, especially along the western base of the Blue Ridge. 

Probably the most encouraging locality in the State from which 
nickel has been reported is in the northern part of Floyd County, 
where considerable exploratory work on Flat Run and Lick Fork has 
been carried on. The Lick Fork openings are the principal ones in 
the area, and the ore is chiefly pyrrhotite with some chalcopyrite. At 
the time of my visit in May, 1907, a large amount of ore on the dump 
was reported to average by actual assays not less than 1.75 per cent of 
nickel and a fraction of 1 per cent of copper. As much as 0.4 per cent 
of cobalt was reported, but the average is considerably less. Assays 
of the pyrite from other openings in the area are reported to yield from 
3 to 4 per cent of nickel. 

The rocks immediately associated with the ore are, without 
exception, of igneous origin, and comprise pyroxene syenite, diabase, 
and gabbro. ‘These are intruded into the country schists and gneisses. 
The gabbro and diabase penetrate the pyroxene syenite in dike-like 
forms and are accordingly younger in age. The mica-gabbro is the 
ore-bearing rock. In some parts of the gabbro, the sulphides are 
sparingly present, in others they make up 50 per cent and more of the 
total rock mass, with all gradations between. 


COAL. 


The first coal mined in the United States was in the Richmond 
basin, where mines were opened and worked on the James River, near 
Richmond, as early as 1750. The production from the Richmond basin 
iereased until 1832 (the production in 1828 being 100,280 tons), 
when it began to decline. In 1908, redevelopment of the mines at 
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Gayton by the Old Dominion Development Company was begun, and 
in 1910 a good production was reported by the company. 

The construction of the Norfolk and Western Railway through 
southwest Virginia in 1882, opened up the famous Pocahontas coal 
district, which lies partly in Virginia. Likewise, the building of the 
Clinch Valley division of the Norfolk and Western Railway, nine 
years later, marked the beginning of the development of the Wise 
County coal district. The developments in these two fields in south- 
west Virginia, Tazewell County in 1883 and Wise County in 1891, 
restored Virginia to importance as a coal producer. 

Coal was mined in the Montgomery-Pulaski counties area prior to 
the Civil War, but not in an extensive way. For a period of 30 years 
after the Civil War, the only mining carried on in this field was to 
supply a limited local market. Within recent years larger develop- 
ments have been made, and until the beginning of the financial panic 
in the latter part of 1907, the production was correspondingly 
increased. 

Coal is mined in two of the three major provinces of the State, 
namely, the Mountain province and the Piedmont province. Recent 
developments in the Piedmont province (Richmond coal basin) will 
undoubtedly restore this area again to the rank of an important 
producer. | 

The Virginia areas which have produced or are producing coal are 
as follows: 


I. The coal deposits of the Piedmont province. Includes the Richmond Coal Basin, 
which covers parts of the following five counties: Henrico, Chesterfield, 
Powhatan, Goochland, and Amelia. This is the only area of free-burning 
coal in the eastern portion of the United States that is located immediately 
adjacent to tidewater. The Farmville area, which covers parts of Prince 
Edward, Cumberland, and Buckingham counties. 


II. The coal deposits of the Mountain province, which include a number of separate 
areas extending across the State in a southwesterly direction from Frederick 
County on the north to the Tennessee boundary on the south. 


(1) The Frederick County Area. Including the Mountain Falls district in 
the southwestern portion of the county and near the West Virginia line. 


(2) The Augusta County Area. Includes the North River district in the 
northwest corner of Augusta County and the contiguous part of Rock- 
ingham County. 
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(3) The Botetourt County Area. Includes the southwest corner of Botetourt 
County. ; ' . 


(4) The Montgomery-Pulaski Counties Area. Includes Price and Brush moun- 
tains in Montgomery County, and Cloyd and Little Walker mountains 
in Pulaski County. 


(5) The Bland-Wythe Counties Area. Includes a small area in the southern 
part of Bland County and in the northern part of Wythe County. 


(6) The Southwest Virginia Area. Forms the southeastern portion of the 
Kanawha basin, and comprises the Pocahontas or Flat-Top and the 
Big Stone Gap coal fields of the following counties: Tazewell, Russell, 
Scott, Buchanan, Wise, and Lee. 

Geologically, the Virginia coal deposits are grouped as (1) those 
of Triassic age, including the Richmond coal basin, and (2) those 
of Carboniferous age, which includes all coal deposits found west of 
the Blue Ridge. Of the Carboniferous coal deposits, those of the 
Mountain Falls district, in Frederick County, the North River area 
of Augusta County, the North Mountain area of Botetourt County, the 
Montgomery-Pulaski counties area, and the Bland-Wythe counties area 
are Mississippian (Lower Carboniferous) in age. The Virginia por- 
tion of the Appalachian coal field, which includes the extreme south- 
west counties along the border of West Virginia and Kentucky, and to 
which the State owes its rank as a coal producer, is Pennsylvanian 
(Upper Carboniferous) in age. 

The southwest Virginia coal field forms the southwestern part. of 
the Kanawha basin and comprises the following counties: Buchanan, 
Dickenson, Lee, Russell, Scott, Tazewell, and Wise. Of these, Wise, 
Tazewell, and Lee counties are the most important producers at present. 
The other counties contain large reserves of coal, which in places are 
rapidly undergoing development. This is especially true of Russell 
County, whose coal production increased more than 100 per cent in 
1909. Many of these reserves have been made accessible recently 
through the construction of new lines of railroad, which means in- 
creased activity in coal mining in the State and a greater production 
in the immediate future. 

It is due to the southwest Virginia fields that Virginia is entitled 
to rank among the principal coal-producing states. This area, the 
Virginia portion of the Appalachian coal field, is estimated to contain 
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1,550 square miles, with the original supply of coal placed at 22,- 
500,000,000 short tons. Campbell and Parker state that from this 
there had been produced, at the close of 1907, a total of 57,229,152 
short tons, representing an exhaustion of 86,000,000 tons. ‘The pro- 
duction in 1907 was 4,710,895 short tons, equivalent to an exhaustion 
of httle over 7,000,000 tons, so that the coal left in the ground in 
Virginia at the close of 1907 was 2,000 times the exhaustion repre- 
sented by the production of that year.” 

The Pocahontas and Big Stone Gap coal fields are the most ex- 
tensively developed coal fields in the Virginia portion of the Appala- 
chian region. 

A goodly number of coal beds are found within the total vertical 
limits of the geological formations composing the Pocahontas field. 
Some of these are thin, but at least six workable beds have been opened 
in places. Not all of these are workable, however, at any one locality, 
and in places only one is worked. The superior quality of the 
Pocahontas coal has long established it as the best steam coal in the 
world. It produces an excellent coke, but, as a rule, the lump coal is 
placed directly upon the market for general purposes, while the slack 
and fine coal go direct to the ovens for coking. 

The Big Stone Gap coal field in Virginia embraces parts of Lee, 
Scott, and Wise counties. Although opened up nearly ten years after 
the famous Pocahontas field, it is much the largest producer of coal 
and coke, and Wise County is the largest coal- and coke-producing 
county in the State. Wise County contributes at present about 60 
per cent of the State’s total coal production. 

There are eight workable seams of coal in the district, ranging 
in thickness from 3.5 to 12 feet, included within a vertical distance 
of about 1,200 feet. Of these, the four highest have their greatest 
development in the western part of the district. 

The coal mining industry in Virginia showed a marked increase 
during the years 1909 and 1910 over that of previous years. Virginia 
was one of the few states whose production in 1909 exceeded that of 
1907, which was due to the increased production in Wise County and 
to active development in Russell County. The production in Wise 
County increased from 2,558,874 short tons in 1908 to 2,841,448 tons 
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in 1909. Russell County’s production increased more than 100 per 
cent. The production in Tazewell County was 4,349 tons less in 1909 
than in 1908, and in Lee County 15,117 tons less in 1909. The total 
production in Virginia for 1909 amounted to 4,752,217 short tons, 
valued at $4,251,056, as compared with 4,259,042 short tons, valued 
at $3,868,524, in 1908. This represents an increase in quantity of 
493,175 short tons, or 11.5 per cent, and in value of $382,502. The 
average price per ton was 89 cents in 1909 against 91 cents in 1908 and 
$1.02 in 1907. The number of mining machines increased from 85 in 
1908 to 107 in 1909, and the machine-mined coal increased from 
1,035,832 tons to 1,323,111 tons, nearly 30 per cent of the total 
quantity of coal mined in 1909. None of the Virginia coal is washed 
before being sold or used. 

Virginia established a new record in her coal production in 1910. 
The production in Lee, Russell, Tazewell, and Wise counties showed 
a marked increase in 1910 over that of the previous year, due to the 
considerable development in progress, not so much in the way of new 
companies, but in the expansion of properties already developed. This 
is particularly true of Russell County. The reason for the increased 
production in 1910 over that of 1909 was indirectly the strike in the 
coal mines of Illinois and the southwestern States. 


The production in Tazewell County increased from 975,665 short 
tons in 1909 to 1,187,146 short tons in 1910; in Wise County from 
2,841,448 short tons in 1909 to 3,730,992 short tons in 1910; and in 
Lee County from 485,960 short tons in 1909 to 792,763 short tons in 
1910. The total production of coal in Virginia during 1910 amounted 
to 6,507,997 short tons, valued at $5,877,486, representing an increase 
over the 1909 production of 1,755,780 short tons in quantity, and 
$1,626,430 in value. This is the largest tonnage of coal ever produced 
in Virginia during a single year. The average price per ton of coal 
in the State during 1910 was 90 cents as against 89 cents in 1909. 
The number of mining machines increased from 107 in 1909 to 142 in 
1910, and the machine-mined coal increased from 1,325,111 short tons 
to 2,290,435 short tons, more than 35 per cent of the total quantity of 
coal mined in 1909. 
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The accompanying table gives the quantity and value of coal pro- 
duced in Virginia from 1890 to 1910, inclusive. 


Quantity and value of Coal produced in Virgima, 1890 to 1910, 














anclusiwe. 
7 Quantity 
ee (short tons) Value 
LO ent eh the chai) hs hie sale eile 784,011 
jE OS Pa ean ge ca 736,399 
ASUS es ee Pam, os oe dt 675,205 
Pe gee sce ae ee eels < ue ao CHS 820,339 
Ue cel AS Ba ee gaa 1,299,083 
Loita. 2c cea. oes chte 1,368,324 
oe ee at hte ah. sedis 1,254,723 $ 848,851 
Uy PEE: 5 Cae Se re 1,528,302 1,021,918 
DOME en eT re aie os x dx teacs 1,815,274 1,070,417 
SOC prey tno eye aS hee oe 2,105,791 1,304,241 
Serene oP aie, LR aot. y ¢.a oe 2,393,754 DADS oo2 
OEM tre ee cane gio ah tas 2,725,873 2,353,989 
[Dro OR ke Ce tg am oe il ee 3,182,993 2,543,595 
PO ere fe er oe eee ks, 3,451,307 3,302,149 
De a tone areas ee ch, oy 3,583,914 3,076,011 
1S Shi enero 7 bas on era et 4,275,271 B06 lgo20 
LMT yo AE Se he Resp fanaa 4,254,879 4,183,991 
LO eetins ences ee eS OS, 4,710,895 4,807,533 
Petey ected teas GET A ttel, bs sonete-ea wc 4,259,042 3,868,524 
eM eet eee ee CRG ee ed 4,752,217 4,251,056 
VNR eek AN conta Se O18 2 Nh eae eee 5,877,486 





6,507,997 | 








There is given: in the table below the production of coal in Virginia 
from 1900 to 1910, by counties. 
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SMALL Mines wie. va 5. 


Total 
TOtar tv alile.: 2 oc 





























Virgina, 1900-1910, by counties, in short tons. 
1900 1901 1902 19038 1904 
9,814 TLTy 12,786 | LUANG ee ye 
970,866 776,568 723,753 | 840,195 871,720 
1,863,570 | 1,918,693 | 2,422,417 | 2,563,285 | 2,359,661 
| 18,084 ,100 
49,504 19,435 24,0374 ; 
9 255 177,1383> 
eee | eee Nore fae 200 he. 300 
2,093,104 | 2,725,878 | 3,182,993 | 3,451,807 | 3,410,914 
$2,128,222 | $2,353,989 | $2,543,595 | $3,802,149 | $3,302,149 
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Coal Production of Virginia, 1900-1910, by counties, in short tons.— 




















Continued. 
1905 1906 1907 1908 1909 1910 
POE ae rs ES eee SSA all MAIO, Le 6,022 (d) (d) 
961,380 910,638 1,116,534 980,014 975,665 1,187,146 
2,990,698 3,041,225 3,145,846 2,508,874 2,841,448 3,730,992 
ashe gee Valve Ghee ee Wie "cic he Bp apite Se aie a carat ack tes leet he ect Se (d) 
323,073¢ 302,896¢ 448,515¢ 249,671 (d) (d) 
nS rd Rr Aa es ete kA at Re nce rs (d) (d) 
Fe iS ope Dalaba cnet See Ee oe 464,261 449,144 797,096 
20 We eee ek ee eee po ee. 200 485,960e 792,763 
4,275,271 4,254,879 4,710,895 4,259,042 4,752,217 6,507,997 
$3,777,325 $4,183,991 $4,807,533 $3,868,524 $4,251,056 $5,877,486 
aIncludes Chesterfield and Pulaski counties. 
bIncludes Montgomery County. 
eIncludes Lee and Montgomery counties. 
dIncluded under “Small mines.” 
eIncludes Montgomery, Pulaski, and Russell counties. 
fIncludes Montgomery, Henrico, Pulaski, and Russell counties. 
LIST OF COAL OPERATORS 
OPERATOR OFFICE MINE 
American-Pocahontas Coal Co............. Washington, D. C..... American-Pocahontas 
BarrowManwCoaly Co). wars eresers eleveie) ore ors ee Banner shes cs. s otha. eis #8 Spruce Pine 
Beacham = Coal ito ees «vu stectereuvisees ements Ghristlansburowe. acre Beacham 
Belle Hampton Coal Mining Co........... Binghampton, N. Y....Belle Hampton 
BigeyVelneebocanontassCoals@ows. ee ei eee Baltimore] Md 2)... -2 Big Vein Nos. 1 & 2 
Black Mountain Collieries Co., Inc......... Pennington Gap ...... Black Mountain No. 1 
Black Mountain iinine Coens. soe sie ee Big Stone Gapr......+ Black Mountain 
Blackwood Cosl-&,.CokesCo wen. ce os ae ce ae Blackwo0dse.te+.).uaek.¢ ve ak and Roaring 
or 
Bond : Coa GC 0 io pee reese aursiereia ie tetaee cece TA COME eset ests. 8 vane ars Greeno 
Bondurant, Coal. & Coke Co. newness ee Pennington Gap ...... Bondurant 
Browning, JAMES wtece cei ee tteieeere seer POCanOntasye aa. cee Browning 
Bruce Coal, & :CokesCoz. «cc's ssesicteteh cis tela se TA GOW Ses crece teaches ete cess Bruce 
Buchanany Coald Gacoker Cowen ae eee Richniond fan. ce eee Prospect 
CatawbayMinine & Mies Coc. see sicietere.s Roanoke esis pose sees « 
Chesterfield. Coalg@o wv ce cewieure oe eee ieee Winterpocke. coe eee Clover Hill 
Clinchfiicid CoalsCorporation® -e cae eee Dante and Johnson Cranes Nest 
City, Tenn. 
Clinch=River Coal (Co meu. «:. cette fare ee ee Richlands ear an sess ei Clinch River 
Clinchs Valley tombers Com snc ere cata sore Sta Paul cui cites eee 
Colonial Coal’ & CokerCoer wer eee ee Dorchester ~. des 6 6 <sas.e Dorchester 
Datby Coal & Coke: Cota vasss ok scan caeee ee Cincinnati aOnlow se Darby 
Dickenson Wsi lisse castes ob ieta te conan erst nae Coeburn sae ceeretie 
Dixie -Coals& Coke Com. cep ureter eter ee RAV OI Geto fete cite etiateorete Dixie 
Domestic’ Coal € CoO. cccict:. o atete ten ye oie arelecie iene AVON Sela ct. carey herence Domestic 
Dominion: Coals Coswsetcc. eh oe Bennington Gane. ac Blanche, Barly, Mabel 
Edgar, and _ “Susie 
Ferge 
Hmpire Coal Land ‘Corporations... ... sees Alfredton "asec f2% os fee Seaboard 
Hsser Coali& CokeiConmete one comes Nsservillegiuc. accrcaere Esserville 
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OPPRATOR OFFICE MINB 
PPPGINIE OT AO en ROU CTC pigs wie 5 win pea? <6 alte wth wie sis TROY COREA ttt aks “ats aie x ae Banner 
Goodloe Brose CG: LUG. > «wre tedeintwe tine este sfeis Bigs Stone, Gapiswds »crc< Pin Hook 
Lis WITS eS fe 0, Se acy ak Ae Ee he a ee ee VES Ol. oemercrohe sic ares talons 
PHiurettele@oaleG- COKE COs ce dies cis wie se ws. INGIUOMG fetetsi.te et ste ee cee © Huettel 
EBynd nian Coals Coke @Ogre viscid ose eis. a levete INGPTONGES suc cidiersrc, f ctdche Carlson 
Embodeny CosinceCokey Con. 2 44,+ ae sitste oe se Imboden a+ oe = ete . Imboden 
Intermont Coal & Iron Co. (Kelly & Irvine).Big Stone Gap........ Josephine 
James (River: Coal) Corporation .. see. a5).<1 Midlothian 2e7....22.2¢- 5 Midlothian 
eure Ure (ORL ACO. cactuls o 4s < a ace 3, oys'e on Tazewell .............Jewell Ridge 
Keokee Consolidated Coke’ Cos. 3.. 0: ooo INGWE EL ODI, NGM Yoetie re ees « Imboden, Keokee 
TL ZOTE Gomi SOMl". tore tacied as ie tatin, shells ats tole cy sdsneteip ict oie WVECATIS WILUCO Meds ote chee Stroubles Creek 
eee CORe COs oie A eycke cae ic cles s oie’se ete cise < Middlesboro, Ky....... Lee 
Lick Branch Anthracite Coal Co........... Ghristlansbure))./s./02.- 
Vat Zee ae rete: 2 ee oh ok cia ssl oBods iho eds keys ohio ihe Oe hans Coeburn a. ac oa ita 
Monarene CoareGo..uin Coser as st.atak ts coe e oi Cimcinnati.. OIG sens Leona 
ING RtOn PO Odile COLPEIT cas sar itknd Gio ste tke ens NOPLONE Es ciis tee abies 2 Norton, Nos. 1, 2, and 3 
Old Dominion Development Co............ RichnNVONGP eas. othe .-Carbon Hill 
Eenmnoton Coals Com IMCs oo ciel aeieiae utes o> Pennington Gap ...... Pennington 
Pocahontas Consolidated Collieries Co..... Pocahontas Weer ws «ss Herre and Poca- 
ontas 
Pocahontas Mining Corporation........... Da zewielliy acto ctctats te js sete Big Creek 
Boundekiver: oa) eCorpora tion acca. +... - WiS@tircneiaet gterclcies Sees Pound River 
PACEe DL OStteretrercde oe wrens ict sverehe cae ete rarer alate ss AM DT Layee ae ere aes et eee Blacksburg Mng. & 
Mfg. Co. 
Price Mountain Coal Co. (Bandy, Warren 
CCPET A WSET) cee cectaas fonssanl estas ssetodouels tebe sipate¥s ‘003 ROANOKE oc sc otde vyels +> Myers 
POlaskicAntoracite COM COmmenetent. + cterie o<'- ING Wo YORK ING: Vic denerers'c Parrott 
Ravens Collieries 4 Covert. atsettie tie tle stciem. oe FAV Cl weete tte cere «eae eee Coal Creek 
Ra venebiuel CO? ais curs ores sce 's oes sete eee EU AV Climter arse etecate sie st Wetec Red Ash 
Ravenehed: Ashi Oal{Co wee. « cveatiee css os! e Redga slimes rie chocteics sr Red Ash 
mentees Coal. C0a. ots. idee «945 6s o/s REGhiandas. danidausie oes Richlands 
Siseeamle Oodle COKECICO nace « oyers olenerenere tare AU Foc eiete cre aeastee er aL 
Seott, County Mineral’ Coct sci oss se. cece Bristol Tenmee. a tere ste 
Slusser & Co., M. C..... Tae ea aes pee CERO Ad. ce ee Brush Mountain 
Nace COM RED eke yer atone ate itisiers s etetisy «eho, ork BTACESDULE siete s see vetet ole Snider Hill 
Southern) Anrhracite: Coal (Cow. diss oii. oe © RGA OKCIR eet. 2.1). ete Clear Air 
soucmern. Locahontas Coak Con. oy «> «6 ts Riehilsn dsaeererncrcio ote . sater 
PEOMC ASC OREIG, CORLEW s dal cm cute es ese cs Ele LODE Cr Dis iad 2 5. cners ATNG,. NOS.) be ena 2 - 


Crossbrook, Osaka ; 
Roda, and Stonega 


SeOeee Te COMET © CH i F.d aie sis. tin Sia ia ie ole Glantorgan 2232... .s . Glamorgan 

Sutherland Coal & Coke Co.............. LIOTENESTOY fol. an. dhas eas Sutherland 

acome Coai'& Coke: Colts s.5") ot ee t's THOME Ae cio oa ee « Tacoma 

Wawn, Hilly Coal Co... Welt. WV ibliamsivarrc. «3 Bramwell, W. Va.<....-. Town Hill 

EE eee ISON Gs a oe ay od arin 0 a chee elated CaaS s Bristol Lenn. v vides © te & K, 

Vergioia Anthratite Coal’ Cow. ops cade le ss Riehmond’. <.< 2 2). 2 ..-Merrimac 

Varoinia City Colliertes ©0o., gai. cle sits aclsceis © Vaireinia Cityuac.G os .- Virginia City 

Wereaiia 1ro0n, Con) @ Coke. COs i icc sts HOOQHTORG = ccna ae Ot ace yi Coeburn, Inman, Lee, 


Linden, Looney Creek, 
Marion, Pine Run, 
Swansea, Sexton, and 


Thelma 
WereeMA SLC? OO uh INC. of Si0'b.d + «ait eae sb she's 3 Pennington Gap .....St. Charles and Virginia 
Lee 
Virginia-Tennessee Coal Co............... Knoxville, Tenn ......Coal Creek 
Wine Cogit® : Coka.Go i. ts. 2s aitasin am es deae Dorchester ....... +... Wise 


Yellow Creek Coal & Coke Co., Inc......... VV ISGe tere ne Fo Gtonars Seton Yellow Creek 
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COKE. 


The coking coals of Virginia are confined to a few counties in 
the extreme southwestern portion of the State. The rapid development 
of the coking-coal fields in this portion of the State during the last 
few years has given Virginia rank as one of the four principal coke- 
producing states. Prior to 1895, there were only two coke-making 
establishments in Virginia, with a production of less than 200,000 
tons per year. The number of establishments increased to seven in 
1901, and the total number of coke ovens increased from 832 in 1896, 
to 2,775 in 1901, with a total production of more than 900,000 short 
tons. Construction and development work progressed rapidly during 
1902, the number of establishments was doubled, and, at the close of 
the year, 2,974 ovens were built and 1,208 were building, with the 
production increased 1,124,572 short tons. 

In 1908, two more establishments were added, making the total 
number 16, with a total of 4,251 ovens, and the production further 
increased to 1,176,439 short tons. In 1904, there was an increase of 
94 completed ovens, the number of establishments remaining the same 
as in 1903, while the production declined to 1,101,716 short tons. 
Two establishments having a total of 107 ovens were reported idle 
during the year 1904. One of these was the Newton-Chambers ovens 
at Pocahontas in Tazewell County. 

The production of coke in 1905 amounted to 1,499,481 short tons, 
valued at $2,869,452, as compared with 1,101,716 short tons, valued 
at $1,772,717 in 1904, an increase of 36.1 per cent in quantity, and 
62 per cent in value. The number of ovens increased from 4,345 in 
1904 to 4,549 in 1905, an increase of 204. 

There were 18 establishments in 1906, an increase of two over 
1905, and the total number of ovens increased from 4,549 to 4,641 in 
1906. The production increased from 1,499,481 short tons in 1905, 
valued at $2,869,452, to 1,577,659 short tons, valued at $3,611,659. 
The value of coke at the ovens increased from $1.91 per ton to $2.29. 

In 1907, the production of coke decreased from 1,577,659 short 
tons in 1906, to 1,545,280, a loss of 32,379 tons, or 2.1 per cent. 
Owing, however, to better prices which prevailed in 1907, the value 
of the coke produced increased from $3,611,659 in 1906 to $3,765,733 
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in 1907, an increase of $154,074, or 4.3 per cent. There were 19 
establishments in 1907, an increase of one over 1906, and the number 
of ovens increased from 4,641 to 5,333 in 1907. 

The monetary troubles in the latter part of 1907 very seriously 
effected the coke industry in the State during 1908. There was a 
decrease in the amount of coke from 1,545,280 short tons in 1907 to 
1,162,051 tons in 1908, a loss of 383,229 tons, or 24.8 per cent; 
and, in value, a decrease from $3,765,733 in 1907 to $2,121,980 in 
1908, a loss of $1,648,753, or 43.65 per cent. The value of coke 
at the ovens decreased from $2.44 per ton in 1907 to $1.83 in 1908. 
The number of establishments (19) remained the same as for 1907, 
but there was a decrease in ovens from 5,333 to 4,853 in 1908. 

The production of coke in Virginia during 1909 was 1,347,478 
short tons, valued at $2,415,769, which represented an increase over 
the production for the previous year, of 185,427 tons in quantity and 
$293,789 in value. The number of ovens reported in existence was 
5,469; number building, 100. The value of coke per ton was $1.79 
as compared with $1.83, the value per ton in 1908. 

The production of coke in Virginia during 1910 was 1,493,655 
short tons, valued at $2,731,348, which represented an increase over 
the production for 1909 of 146,177 tons, or 10.9 per cent, and 
$315,579, or 138.1 per cent, in value. The number of establishments 
was reduced from 19 to 18 and the number of ovens from 5,469 to 
5,389. There were 100 beehive ovens in course of construction at the 
elose of 1910. The value of coke per ton increased from $1.79 in 
1909 to $1.83 in 1910. 

The principal part of the coke production in Virginia during the 
last few years has been from the development of the coal fields in 
Wise County, on the Clinch Valley division of the Norfolk and 
Western Railway. During 1906 and 1907 extensive developments 
were made in the Black Mountain field in Lee County following the 
construction of the Black Mountain railroad. The first ovens in Lee 
County. were reported under construction in 1907, with an output in 
1908 of 50,000 tons, which was increased to over 100,000 tons in 1909, 
but decreased to 86,000 tons in 1910. The production in other districts 
increased during 1910, and the total output for the State showed an 
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increase of 146,177 tons, or 10.9 per cent, and in value of $315,579, 
or 13.1 per cent. The average price per ton advanced from $1.79 
in 1909 to $1.83 in 1910. The coal for the plant at Lowmoor and 
the one at Covington is drawn from the mines in the New River 
district of West Virginia, and that for the ovens at Pocahontas in 
Tazewell County is obtained from mines extending across the State 
boundary into West Virginia. 

Of the 1910 production of coke in Virginia, 1,025,144 short tons 
of the total tonnage (1,493,655) came from Wise County. The value 
of the production from Wise County was $1,883,344. 
avoid disclosing individual figures, it is not possible to publish the pro- 


In order to 
duction of the other counties producing in 1910. These counties, 
however, listed in order of productions were: Roanoke, Tazewell, and 
Alleghany. 

In the subjoined table are shown the statistics of the manufacture 
of coke in Virginia in 1883, when the first operations were begun, in 
1890, 1900, and from 1903 to 1910, inclusive. 


Statistics of the manufacture of Coke m Virginia, 1883-1910. 






































Estab- Ovens Coke Total value 
al used 

Year! lish- ats eae produced | of coke at 

siete Built | Building (short tons) | ovens 
1883 1 200 0 39,000 25,340 $ 44,345 
1890 yD 550 250 251,683 165,847 278,724 
1900 | a2.331 300 1,083,827 685,156 1,464,556 
1903 16 a4.251 142 1,860,225 1,176,439 2,724,047 
1904 16 a4.345 68 1,636,905 1,101,716 W217 
1905 16 a4.549 0 2,184,369 1,499,481 2,869,452 
1906 18 a4.641 695 2,296,227 1,577,659 3,611,659 
1907 19 45,333 50 2,264,720 1,545,280 3,765,733 
1908 19 4,853 158 1,785,281 1,162,051 2,121,980 
1909 19 5,469 100 2,060,518 1,347,478 2,415,769 
1910 18 a5,389 100 2,310,742 1,493,655 2,731,348 





aIncludes 56 Newton-Chambers by-products ovens. 


All the coal used in coke-making in Virginia up to 1895 was un- 
washed. Washing of slack coal began in 1896, and in 1898 the amount 
of washed slack coal used amounted to 210,000 short tons. All the coal 
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used in the manufacture of coke in the State during the years 1909 and 
1910 was unwashed. Of the 2,310,742 short tons of coal made into 
coke during 1910, 1,554,784 tons were run-of-mine and 755,958 tons 
were slack. 

The character of the coal used in coke-making in Virginia during 
1890, 1900, and from 1903 to 1910, inclusive, is shown in the table 
below. 


Character of Coal used in the manufacture of Coke in Virgina, 
1890-1910, in short tons. 



































Run-of-Mine Slack 
Year | HA Total 
Unwashed Washed Unwashed Washed 

TSU ee aoe 98,215 0 153,468 0 251,683 

09 OMe oman pe 620,207 0 463,620 0 1,083,827 

1b: is ae So1,c02 0 1,002,893 0 1,860,225 

OU ae eat 1,213,226 44,222 319,457 0 1,636,905 

LOWES, 2s abies 5-0 xis 1,096,656 0 1,087,713 0 2,184,369 

TUG mor oes ost 1,014,299 228,347 1,053,581 0 2,296,227 

POG. 47) rd ds 1,271,518 0 993,202 0 2,264,720 

be 2 ene 1,438,754 0 346,527 0 1,785,281 

LOO ers 1,405,111 0 655,407 0 2,060,518 

LU ee ee ae 1,554,784 0 799,958 0 2,910,742 

LIST OF COKE OPERATORS 
OPERATOR OFFICE MINE 

Blackwood: CoaleéeCoke Comes ss cce. cies eels ene 3 Black wOOdm acts cares 6 Blackwood 

Colonia le Goal Coket@O aan sccm we ss sess DOnehestere oe cca < Dorchester 

Empire Coal Land Corporation............ ATCO LOD r,s shale. oun geht Alfredton 

DESer? COMM csr COKCTCOmaets « ctete sveiotets © cena s HSSeryilleeus cree ere Norton 

Pivot e ante: COke tC Ons ants cckea sh «)cakn o's INOEEON Me. tee ee a Hyndman 

MpOdeH YC Oder OKE (CO Bir. celavedaltie slew elec IM HOGEM Petey etka ee er Imboden 

IN CeENTOmM it COmmecs ECON Orne serrate sta tise DIC UNLONC GAD. . teste « Near Norton 

Keokee Consolidated Coke Co............. ING Wa MOD IN wes cles 6 Imboden and Keokee 

LOWwImOOte LrOnmeomwOly VATPiNig cei. <2 et etels IGOWM OOK) seb syedet ics eke ters Covington and Lowmoor 

INOETONN.COalaCORL prs ares cles cs caters ahe¥cieletete ane INOPUOM ES. eters, hohe airs Norton 

Pocahontas Consolidated Collieries Co...... POG hOntaSt ie eereoriaan Pocahontas 

pronesda Coke mee COA le OG iio edt 6 wid sores Stonega, Osaka, and Imboden, Osaka, and 
Philadelphia, Pa. Stonega 

BLONGCAM A OLIOLY LOO aniss «+ sess wa clee em Clamorean. wei hie fs Glamorgan 

SBurperand coal & (oke CO. 8 sees 3 Ss on cess TIOTCHERCGR SS. gues ars «0 Manning 

Wirginia Iron, Coal @ Coke Cons i. ia). wal. Rognokerow ee tases. oe Toms Creek and Inman 


WHeOy GOR Qe WOKCECOS com cs.che ane ado osc fec ae IDorchesteranrer. cts. < Dorchester 
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CLAYS AND CLAY PRODUCTS. 


Virginia contains a variety of clays widely distributed and occur- 
ring at various geological horizons. They are found abundantly dis- 
tributed throughout the Coastal Plain, Crystalline, and Mountain 
provinces of the State, and are adapted to a wide range of uses. Many 
of the deposits remain undeveloped, because they have not yet been 
investigated, and little is known regarding them. The only ones which 
have been systematically studied are those of the Coastal Plain or 
Tidewater region. 

The clays of Virginia are suitable for many economic purposes, 
and can be divided into two groups, namely, residual and sedimentary. 
The residual clays have been formed by the weathering of rocks, in- 
volving processes of disintegration and decomposition. As a result of 
this, we find the residual clays overlying the parent rocks from which 
they were derived, forming deposits of variable thickness, depending 
partly on the depth to which the rocks have been changed, and partly 
on the amount of erosion they have suffered since their formation. 
Residual clays predominate in the belt (Piedmont region) underlain 
by the crystalline rocks, such as granites, gneisses, schists, ete., and 
have wide distribution west of the Blue Ridge. They are usually 
quite ferruginous and, therefore, red-burning. ‘Their main use is for 
the manufacture of brick and drain tile, and some of the smoother 
deposits have been employed for making smoking pipes, notably those 
of Powhatan County. 

The decomposition of pegmatite dikes in many of the Piedmont 
counties has yielded clays of high grade, free from iron, and sometimes 
sufficiently white to be used for the manufacture of white-ware 
products. Deposits of this type, known as kaolin, have been found in 
Amherst, Campbell, Hanover, Henry, Mecklenburg, Nelson, Patrick, 
and other counties in the Piedmont region. 

The sedimentary clays represent deposits which have been laid 
down under water, one layer on another, the materials composing them 
consisting of the products of rock decay, which have been removed by 
erosion from the land surface, and washed down into the lakes or seas, 
where they have finally settled. These are abundant in both the 
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Coastal Plain province, where they are usually of unconsolidated char- 
acter, and west of the Blue Ridge, in which region they are largely 
of a hard and shaly nature. They have wide distribution both 
geologically and geographically. 

The Coastal Plain clays that have proved to be of marked value 
to the clay worker, occur in Kocene and Miocene beds of the Tertiary, 
and the Pleistocene of the Quaternary. The Eocene clays are best 
developed in the region south of Stafford Courthouse, where they form 
promising outcrops, but have not yet been developed. The Miocene 
clays are best known south of Richmond, in the vicinity of Curle’s 
Neck, and Bermuda Hundred. This same formation also carries ex- 
tensive beds of diatomaceous earth or clay, which is well exposed at 
Richmond and along the Rappahannock River. The Pleistocene clays 
occur as more or less basin-shaped deposits, widely scattered over the 
Coastal Plain region, and rest on top of the other formations. 

Nearly all of the clay deposits noted in the Coastal Plain region, 
whatever their geological age, are of lenticular or lens-shaped char- 
acter. The majority of them are red-burning, while only a few are 
buff-burning. No white-burning clays have thus far been found; but 
even though they lack in variety, so far as their color-burning qualities 
are concerned, it is probable that their possible uses are more 
numerous than is now supposed. Physical tests and chemical analyses 
of the clays in Tidewater Virginia are given in Bulletin LA of the 
Virginia Geological Survey. 

West of the Blue Ridge, in the Mountain province, shales probably 
suitable for brick-making have wide distribution, ranging in age from 
Cambro-Ordovician to Carboniferous. Many of these shale deposits 
will doubtless prove available for the manufacture of vitrified brick. 

The abundant deposits of Virginia clays are only partially 
utilized at present, but, after their thorough investigation by the State 
Geological Survey and their uses better made known, they will be 
much more extensively employed and the industry greatly enlarged or 
expanded. | 

In 1909, the total value of all clay products manufactured in 
Virginia, including the value of kaolin, pottery products, fire clay, 
and miscellaneous clay mined and sold in the State, amounted to 
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$1,957,367. Compared with the value ($1,540,157) of the 1908 
production, there was an increase of $417,210 or nearly 27 per cent. 

In 1910, the total value of all clay products manufactured in 
Virginia was $1,841,731, a decrease from that of 1909 of $115,636. 

The following table gives the statistics of clay products in Virginia 
from 1905 to 1910, inclusive, and is of interest to those who desire 
to know something of the growth of the industry in the State. The 
item “Miscellaneous” in the table includes all products not otherwise 
specified (fire brick, sewer pipe, drain tile, fancy or ornamental brick, 
kaolin, and pottery products), and those which could not be published 
separately without disclosing individual returns. 


Clay Products in Virgina from 1905 to 1910, inclusive. 











Product 1905 | 1906 1907 
Brick: 
Common— ; 
Qusnhity is. weno te eee ees 257,161,000) 232,697,000 197,052,000 
Valet cos tase aries ces snc ee oe ee $1,572,442.00| $1,586,312.00) $1,285,374.00 
Average per thousand............. $6.63 $6.60 $6.52 
Vitrified— 
CMISNEIGY weston weet eee CA) bi capen antes oe be Pe eee 
Value “6oe.'". Meier eee ee CALE MAPS EO er ee 
Average per thousand............. SLO.OO a. eve Sue eat lene s © eee 
Front— 
Ouantit ye oli a eee ee 22,155,000 25,385,000 19,989,000 
SV GITIEY gies ca on ee eee en Sy $352,297.00! $892,130.00} $290,411.00 
Average per thousand............. $15.90 $15.45 $14.53 
Fancy or ornamental. Value......... $20,363.00 (a) (a) 
Fires WVAlUG- 6 vce t ek ee ee eee ee (a) $21,110.00 (a) 
Drains tiled: Valueisivy~ je dee ee ee $4,500.00 $4,805.00 $6,250.00 
Sewer. Dipe... Value ive oie 0 <.00 0 au aie’ so tate Le oi rie ae Ee ce ees chie cnc ee oe 
Pottery: 
Earthenware and stoneware. Value.s| gas « gcelseee sie vies sacs. eee 
Porcelain electrical supplies. Value.. (b) (b) (b) 
Miscellancous. Value: i.6uk < Shae eee $44,976.00 $11,721.00 $29,300.00 
TOLAL VALUES i325. oe ee eee $1,994,578.00! $1,966,078.00| $1,611,335.00 
Number of operating firms reporting. . 94 91 87 











alIncluded in miscellaneous. 


bThe value of pottery products for Virginia from 1905 to 1910, inclusive, is 
included under miscellaneous. 
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Clay Products in Virgima from 1905 to 1910, inclusive.—Continued. 











Product 1908 1909 1910 
Brick: 
Common— 
CAPS EW UO RL) ped eae eal i el te aah a a 185,788,000; 249,794,000 | 229,982,000 
VER LTC MERNs eoccphec dy eutarhy ae a tk side aids $1,219,946.00) $1,540,648.00 | $1,460,460.00 
Average per thousand............. $6.57 $6.13 $6.35 
Vitrified— 
Cot Uy re he Sate Gre dane Bese ce eid ao os grins Uisie +4 du,ta ae aoa Peleretl o presecaurs 
ee eee ee re nt ern ee hae a ata ak: i liane v's «guile wineries wre’s bai alece 
eC OeDCTs LATOUS AMS. Gate tales 1 [aoe tha ee dell ahs ooo d-craigRinwts belalcu pede 
Front— 
IASG GY s wckrera eee the are ees 17,858,000 24,717,000 20,813,000 
“DUNT © Gor tig. OE FN Pd ed a. hoy, OR $246,623.00 $833,057.00 | $294,848.00 
Average per thousand............. $13.81 $13.48 $14.14 
Fancy or ornamental. Value......... (a) (a) (a) 
PREG VI UG ae cto tk ee Borde ih ors. 3 (a) (a) (a) 
eRe CMCY AlNOLe. 22. . Seas fone: $7,100.00 $6,298.00 $5,276.00 
eMC ADI eee GLUCK es bt. os tea leh eels ld kb altcstt sues «/0 (a) (a) 
Pottery: 
PLOW aber aticlisLoOnawHrast V alle. cies foe foes Se elt eI AU eee 
Porcelain electrical supplies. Value. . (b) (b) (b) 
Miscellaneous. ValUG .o.scssa<sss cess $66,488.00 $77,364.00 $81,647.00 
Total value ..... ee oe ey Sa $1,540,157.00, $1,957,367.00 | $1,841,731.00 
Number of operating firms reporting. . 82) 89 87 

















aIncluded in miscellaneous. 
bThe value of pottery products for Virginia from 1905 to 1910, inclusive, is 


included under miscellaneous. 
BRICK CLAYS. 

Clays suitable for the manufacture of common and front brick, 
particularly the former, are widely distributed throughout the State. 
In fact, nearly every county in Virginia contains clay suitable for the 
manufacture of common brick, and, in most cases, the deposits are of 
such character that common brick of the best quality can be made. The 
brick-yards can be located usually near railroad transportation, and 
fuel for burning the brick can be obtained, as a rule, at a minimum 
price. Virginia clays used in the manufacture of common brick are 
of two types, residual and sedimentary, discussed on page 50. 

The total number of common and front brick manufactured in 
Virginia in 1909 was 274,511,000, valued at $1,873,705, as against 
203,596,000, valued at $1,466,569 in 1908, an increase of 70,915,000 
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in quantity and $407,136,000 in value. Of the 1909 production, 
249,794,000 were common brick, valued at $1,540,648, and 24,717,000 
front brick, valued at $333,057. The average value per thousand of 
the 1909 production was: Common brick, $6.13, front brick, $13.48. 

During 19 10, the total number of common and front brick manufac- 
tured in Virginia was 250,795,000, valued at $1,754,808, as against 
274,511,000, valued at $1,873,705 in 1909, a decrease of 23,716,000 in 
quantity, and $118,897 in value. Of the 1910 production, 229,982,000 
were common brick, valued at $1,460,460, and 20,813,000 front brick, 
valued at $294,348. The average value per thousand of the 1910 pro- 
duction was: Common brick $6.35, front brick $14.14. 

The total value of fancy or ornamental brick and of fire brick pro- 
duced in Virginia in 1909 was $30,984, and in 1910, $24,186. The 
quantity and value of the different varieties of brick manufactured 
in Virginia during 1909 and 1910 are given in the tables below. 

In the tables below are given the total number and value of common 
and front brick manufactured in Virginia in 1909 and 1910, by 
counties. 


Production of Common and Front Brick in. Virgima in 1909, by 


























counttes. 
Common Brick Front Brick 
County er ren 
Quantity | Quantity 
(Thousands) | Value (Thousands) Value 
ha Me ho 
AlIGXandria )oey ea ee 75,874 $ 462,137 24,265 $ 327,083 
Aleustag <3. a 1,120 9.600 
Chestermeld 7 an. a4 ss 15,790 102 231 
Faitiax ote: 9,125 57,584 
EHenriecos «50k ee 31,728 201,600 
Nansemioud oe ae 16,692 97,718 
ROanoke ys fis, 4ne ae 15,019 94,687 | 
Rockingham. ~........ 2,650 17,500 | 
Other counties ....... 81,796a 497,591a 452b | 5,974b 
249,794 $1,540,648 24,717 | $333,057 











aIncludes Albemarle, Alleghany, Brunswick, Campbell, Carroll, Charles City, 
Charlotte, Culpeper, Frederick, Grayson, Greenesville, Halifax, Henry, Isle of Wight, 
King George, Lancaster, Lee, Lunenburg, Montgomery, Norfolk, Nottoway, Orange, 
Pittsylvania, Prince George, Princess Anne, Rockbridge, Russell, Scott, Shenandoah, 
Spottsylvania, Sussex, Tazewell, and Warwick. 

bIncludes Halifax, Henrico, and Rockingham, 
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Production of Common and Front Brick in Virginia in 1910, by 











counties. 
Common Brick Front Brick 
County Quantity Quantity 
Value Value 
(Thousands) (Thousands) 
PD TCL, bass aff va te « 65,484 STOOD L 
PRISE hres wate ees 925 7,300 
Chesterfield ......... 9,115 60,644 
Iriat) yo eee 7,095 60,100 
PPLOMPiGO = 5 fast tates 20,763 141,844 
Peon eR OP 16,771 99,545 
oanoke i s 

Rockingham f rete een” 17,300 104,600 
Other counties ...... 92,029a 570,876 20,813» $294,348 

229,982 $1,460,460 20,813 | $294,348 











aIncludes Albemarle, Alleghany, Amherst, Brunswick, Campbell, Caroline, Carroll, 
Charles City, Charlotte, Culpeper, Frederick, Grayson, Halifax, Henry, Isle of Wight, 
James City, King George, Lancaster, Montgomery, Norfolk, Nottoway, Orange, 
Pittsylvania, Princess Anne, Powhatan, Rockbridge, Russell, Scott, Shenandoah, 
Smyth, Spottsylvania, Sussex, Tazewell, and Warwick. 

bIncludes Alexandria, Halifax, Henrico, James City, Pittsylvania, and Powhatan. 


FIRE CLAYS. 


Refractory clays are known to occur in many localities of the 
State, but they have not yet been investigated, and the production is 
small and variable. It is highly probable that the clayey members, 
including shales of the Carboniferous system of rocks, occurring west 
of the Blue Ridge and having the most extensive development in south- 
west Virginia, will prove of sufficient value for making vitrified wares. 
The Triassic shales associated with the coals of the Richmond basin 
have not proved of any value for the manufacture of clay products. 
Clays of the refractory type occur in a number of the Piedmont 
counties, and have been worked at several localities in some of these. 

The production of fire clay during 1909 and 1910 was small and 
is included under ‘‘Miscellaneous” in the table on page 53. 
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POTTERY CLAYS. 


The pottery industry in Virginia is a small one. The total value 
of pottery products made in Virginia in 1909 amounted to $36,746, as 
against $37,777 in 1908. This represents a decrease of $1,031. The 
value of pottery products made in the State during 1910 is included 
under “Miscellaneous” in the table on page 53. 


KAOLIN. 


The production of kaolin in Virginia has been derived almost 
entirely from the decomposed pegmatite dikes, which intersect the 
crystalline rocks of the Piedmont region. Deposits of this type have 
been worked in Amelia, Henry, and Nelson counties, and are known to 
occur but not developed in many other of the Piedmont counties. Of 
these, Henry is the principal producing county at present. 

The production of kaolin in Virginia is small, and is included 
under “Other products” in the tables on pages 5 and 6, showing the 
mineral production in Virginia for the years 1909 and 1910. 


LIST OF CLAY OPERATORS 


BrRIcK AND TILE 


OPERATOR OFFICE WORKS 

Adams Bros:. Co: LCi koe cael s hers teeters Bristol vance see et Bristol 
Adams Bros.-Paynes Co., Lynchburg Brick 

IW OTKS2SP LOPS. acre os, cae eke are eye seer Ch reRer edt ome Wyn CHDUrSE Se elem oats Deacon 
Alleghany Brick’ Co., Ine. i: 2.5 5eb ee eee COVINGtOM. hae oes se ole Covington 
Altavista Brick Co., Ine. (Formerly Fra- 

mer STUDS COs} eer. ts eer ee te eons ete AltaviSt@® Plat . Asencio Altavista 
Baltimore Brick Cond. «sates asemlesie canerrrs RichiMiong geek tee eeteres Rocketts 
Barr,” WAM cinco ctayeros sictakeslere otel eclshe crests ts Winechestersacc a ctecieteir Winchester 
Bell) Bross :.. aa. & seteteto ce stetais ohe vaeie) ch eeeeemeeena ole SClASDUTS ye wtetala weet crane Strasburg 
Billbim erst Wop bis core eotataieay tee ce) Gla renee a Harrisonburcsemeei. Harrisonburg 
Blackburn cG@2bOhr st cmc ols ,< clsiee sisher ere oreks StAUILLOM sais cree + acs <5 o> Staunton 
Bolling; THomas. FAs cts cele cin fonct ela tin ee te lete HMarmvilleccciasesia. std ke Farmville 
Booker Bricks Cops aac. its ree Casamance Newport News ....... Morrison 
Boston Brick*CO seein ects cet ce teciatrerene ck ELOUSTOM Maer ree trace oer Rae and South Bos- 

on 

Brister.= CoM ica) ss sreutersistele eyern) ola tle, aaaeton ete POLErsDUL aa ae e clasre «es Ettricks (near) 
Brooks 'G Son}Ac M. 215. ners ora ranean vical ING@WithilVeGDia ts <aeietet: «te Radford 
Bromilaw-Brick, Gow... chereccie es Mee eee OND ete ne tetas tren Hunting Creek 
Buck  G) Cov Levin Ue aeean. hecnete crac teats WiCG@INS a. cates os cece eo. oe Weems 
Burroughs & Mankin. Ines } Pacis sx «wihine Richmond serereree > etettals = Manbur 
Butlers Geor W x72 wanted: ee telaneis ane are ces are CUIPEDEP eras sore nes exeters Culpeper 
Capital Brick & Tile Corporation.......... Washington, DiC. 2.).: Alexandria 
Champe.” Joli CA gerspere siaecte aioe cede Oracle aet: VexiInerony rcs ssiscic as Lexington 


Charlottesville Brick= Cox econ eke tet teeeiete eee Charlottesville ....... Charlottesville 
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OPERATOR OFFICE WORKS 
GHA CW OO Cee mrs NULIE Gaettarete a sons ceteteys eels, ae ole RlCI MON Og reeks rt cae cae Brook Road 
Clarkes cpOavine lLOMMmmr rete: 5s cyes ccs <us ordansees Ul eV eTar Bi-vsio «. creiet acets Elkwood 
Cla righ ee Cru ppercccieea ccs: svssccer one suede labore Wists LO On DP akC csccet Arlington 
Cole & Son, W. C. (Formerly Galax Brick 

Soe Ete iaiy yn ye heAS nies 9 Pn IR Ries ects aie «ashe = Galax 
GooleyEbLOsmeSliLGlt oc GO oniacgh = oie aie aece Via TOM Me ciel ace oe lanelss+ coe Marion 
ABO DL em ee ater cet ance eye eke) i ete etava ye daa RISES CR eae shee ware os Chase City .« 
Orig Core, “Waliscl 8 B28 pein) bee RE ire ie) Saree Man Ghest@rimtrecisi)<t..2 <6 Manchester 
Covington Brick Co. (Formerly Isaac 

CCUEWECS)) cs ABs ey he Aucune Rr roe Ne ne Ae ei a WOVIN COM GBs cepole > frst <i Covington 
GOAT OTE Me reer eet Pe on Lee nee ates Siete eee cine yo BasicnGl tye. as os ae Basie City 
Grochan ee DaAniels pesmgr. ote res sticre toner  erenel ene SCOUMCOMM ers crete theists Staunton 
Croushorn, B. G., Lessee of H. V. Crous- 

MORNE TOD Mm pstetere oeere re Netel oh cutlets, aie eonrcieners Weyers Cave ......... Weyers Cave 
CEO Wiel Wie BELT echelons ce stavels ec) oa a, alee elerere BYristoles act. ctendt dsteh etait Bristol 
Cuthbert Land & Development Co......... Wilehl@s v7.) tcl.) a Melaviete « Wiehle 
Davis Brick Co., Inc., W. Benjamin........ RICHMONG Vectra ot ete Manchester 
Dickinsonm@uire eb rickie GO setters). shelaels crevete Buena Vista iene ec + ¢ Buena Vista 
PATEK ae bLick : COM sears terse as, © ae ekelee ee INOPLOL Ey eros totatat ohsi el cletetete Lynnhaven 
ACCOR Gc SOM shia Wise eis conels cnet ee rele ieee es Nortolliey-sacmett ate. < & <> eee Norfolk 
eer se S tONGmCOr LNCr erst) fete cnet cerches eet & ROANGKCRs ated ante a. Roanoke 
EOE MINS eo cs Lal alin ccc, ecaltas lene eke na eck, o's DATIVE Be eect her wo os Danville 
Ga Cm Gow VVICLINI As cennte Wa tusrescccrcere wets Gis vic cs ates Tey ChbUTo wm aewecce s. Lynchburg 
Fan kal Trees Tel CK OO ereteeenaa ee es eee attics oy eo ness iM tema clbnay Ae Sisleueurhole, Gmc e Franklin 
IRE VA TE Biol home Nico By SIGIR ORANG EA eae SSULTEO | kan operee ener totter chee. Suffolk 
Hrederiecksours BrickeW Orkse oa... 2.) +6 > 6 Hredericksburg a. a+. Fredericksburg 
MUCOnmE Ti CK WOKS aa ceiec cit tPateioe ols. 3)c ate RiGhnroOn dere eteite se ciel Richmond 
CALON GI O UT Witsoe hcbimemensts crores. sth MiterA UI Vem NG iret e sieyart Woodlawn 
(eathrevopes AWG UA Re ta ae eS kc inee sipmee rime career LOUIS AMER oneeers nevetel «sah elle. 2, Lousia 
(Canoe Keg, VOR RNY he Ale sce aL) ised ant cee eee ere Washington, D. C..... Rosslyn 
Haden, George P. (Formerly B. D. Linney) .Blackstone ........... Blackstone 
(EY ert dig cel Sg A C2 eee ee eee EGO ALON Se arere dueye = Winks. 5 Barnett 
Pig erisonee Ons Tuction Oy csc tos. s + bode 04 Gas POC CraDUT S Minas he «5 chau Petersburg 
ELA CGC Trin Alb De tamer. re wes ae isle. se sls: oy5-8, o)e3 OTAN SEM tenets asidievassh ke Orange 
HICKS LICK ST COmis stare ee eke 6 eels ss oles Piel ener Lawrenceville -....... Lawrenceville 
ELOIUOT ATM EON Dui eerc ne cctcie wt terete alere's 3 3 GulDEDCT Paces es eck eae Culpeper 
Holdaway, R. L. (Formerly W. E. Suth- 

COENEN eas sey OMe eee: Peer ahaa ek ak ors VEAT OR BeAe Ce doven'ah eas sel eee Bridle Creek 
HLOSHOULE See ON Ole yserss nt sees) ce cies saree Mare OOD STOCK erat ener shot ost 2.0 pe ens and Front 

oya 
HOSkinsts Da Wie weer iets: eereh ob or dusk ooh ceeteb enact ts SOuULhe BOSton e. 4 see os South Boston 
Jehibinokehen tee Yosh, Al, So oadeoar Neh deiner chanted teeters Buenae Vistas 2e a. eect -Buena Vista 
ELUIPLe Vic Sta lute ie ckeret ote crore enole, iatey closer oveecel sire GLUNG Yaseen iee ee eal yrundy 
Eivaranlic-Presssbrick=Comascc. (cate. fe Washington, D. C..... Waterloo 
DOUNSOD AA VWise Cis caetere cts, ote wlentushowo sole aioe os er SPCNCOMT weet custe ts cles Johnson’s Siding 
JONES TOW 3 Liens oy oh sient st IA re ties a eres Williamsburg ........James City 
ISCelerecce SOUS a Gr iseeite oie ste aie ore Ce katie Beterspurgiaa aces oterelete Broadway 
Reenpridge) Brielny C0. 5 uhs is oak 4: ale as oe ex BRenbridgero 3... ss «ime Kenbridge 
Lawrenceville Brick & Tile Co., Inc........ DUCE OL Mies creten «sever Lawrenceville 
Layfield, F. G. (Formerly Oldfield Brick 

PLL ERO Oc LN Ca) as cee wee ieee ee eens. & CLM CIA Maree srs ctexevattide < Oldfield 
BIGIISCY Ci OTIS CA tes Mala rs G's vo o's pivi pr eiae 5 ae ELAS DUT 22 oa caNe nis. 'e hs Strasburg 
Wunenburse brick icmlile: COl.t. ispelexasiters eure = KWenDridZey wceatisrcrtcsts 4 Kenbridge 
VESEY On Gon SOLS TMV cu Putters nous ve ceWovetelcuevebe iis: ‘caste SINOTLOL Keer antiate aieichs ane eters Sturgeon Point 
MGISL~DIOOL, Pressed rick) CO vers ins cle ates  NOLLOLK@ arin wel eieheie VO CLOLK 


Montgomery, Brick Co. 2. s)- +i: cis elsicliineins OUPISUIANS UL Ome ese GUMS ADSOUL 
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OPERATOR OFFICE WORKS 
Mulberry. Islands Brick) Gor® «ste anes Newport News ....... Mulberry Island 
Musser'& sSons Wir Els roves ee ie ede ae retoicne ner ere AbDINgdOnMs se. cs ete coer Emory 
Myers, J acoD Sistas estore) evclosere Seavers varewemenanre Harrisonburg) ie ee se ere Harrisonburg 
INS TTGSS Orville w Wok os tecsts cts teasintene rate rekotetecs eae HIKWo0dN .5. sc se cis ete DIK Wood 
Nansemond River Brick & Tile Co......... INOMLOLKS eh ae ister eaten Reid’s Ferry 
New LWashinetong Brick COme omeneiici sts: ene Washington. Dee er Abingdon 
Norton Brick Cote tncckes crsitcheietuve chore, cutie ste eter INOPGON. bac s aprennceardcs eine Norton 
Oyster .PointeBricks Comey crov cere, reeteene OVStCia boll tae eer Oyster Point 
Patuxent: Brick. Gor pic cere picteens tesrelet ones Fe ASIN CON.) a Gcaeueete Alexandria 
Payne: Si Spindletiaec sc eiseia st seein. eo eaeatnceate Drakes, Branch Wier Drakes Branch 
Phillips’&. Bron-Goe ea eseieiete ee ore ele Ceneene ELAN DLON Vo etersieten aoe Hampton 
Pier pont BYICks WOKS ch isne stele resiotete cheroherehe Sa@lém~ 4 27 na. iter nete austere Pierpont Siding 
Potomac  BrickiVoevenss cs ace ee ee are Washington, Dr iCocn cr Addison 
Potomac: River Clava Works 1.6 seein one Takoma Park, D. C....Alexandria 
Potts Hstate, Hwee eis cite tee ete Ghasew City © x cascsnet tes Chase City 
‘Powers (Bros: vécs Maynards. 2c annie cto Riehmonds- vets eae Richmond 
Powhatan Clay Manufacturing Co......... RICHMONG tek neste tie) kote Clayville 
Radtord PBrick# Coste eek. of seis ieee iets PhilgdelphiayPav..ee Tiptop 
Rea, B. A. (Formerly Jno, W. Legg)...... DULCVENDSOULS Melee wistets, « Stevensburg 
RRESGY 5. Woo we) 2 ete eatedcteteneis Ace te che kteceaat es iene ene WianmGHeSter =. ic srens s16 67-9 Manchester and Hen- 
rico 
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LIME AND CEMENT. 


Lime and cement are obtained from limestone, which is described 
on pages 77 to 82, inclusive. Plants for their manufacture are 
scattered widely over western Virginia, where raw material, admirably 
adapted to the manufacture of lime and cement, occurs in great abund- 
ance. Plants for the burning of ime are found in most of the counties 
west of the Blue Ridge, while the manufacture of Portland cement is 
limited at present to two mills, one in Augusta County, the other at 
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Norfolk. Mills for the manufacture of natural cement are limited to 
Rockbridge and Botetourt counties. There was no reported production 
of natural cement in the State for the years 1909 and 1910. 


LIME. 


During recent years, lime-making in Virginia has been confined 
to the counties west of the Blue Ridge, where there are numerous plants 
engaged in the industry. There occur abundant limestones throughout 
this region admirably adapted to the making of lime. These range 
from very pure limestones to those high in magnesia. The former 
when burned or calcined yield “high limes” or “fat limes,” while the 
latter produce “lean”? or magnesian limes. Most of the lime made in 
Virginia belongs to the first class, and is especially valued by the 
builders and farmers. 

The crystalline lmestones of the Piedmont Plateau yield when 
calcined a good grade of lime. Formerly, numerous small kilns were 
operated within the hmits of this region for the production of lime 
to supply only immediate local demands. In recent years, however, 
these have been abandoned, and at present no lime is burned from the 
Piedmont limestones. 

The shell marls of the Coastal Plain region are dug and used 
locally, in the natural state, as fertilizer on the farming lands. These 
marls frequently form extensive deposits of considerable purity, and © 
since they occur as loose incoherent material, and usually in a finely 
comminuted state, they can be easily dug and readily applied in the 
natural state to the soil. 

The total production of hme in Virginia in 1909 was 166,695 
short tons, valued at $635,946, as compared with 107,209 short tons, 
valued at $424,374 in 1908. This represents an increase of approxi- 
mately 55.5 per cent in quantity (59,486 short tons) and 49.8 per 
cent in value ($211,572). The average price per ton in 1909 was 
$3.8114 as against $3.95 in 1908. This production was distributed 
over twelve counties and forty-nine producers. The counties produc- 
ing lime in 1909 were Augusta, Botetourt, Frederick, Giles, Loudoun, 
Montgomery, Rockbridge, Rockingham, Russell, Shenandoah, Tazewell, 
and Warren. 
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The production of lime in Virginia during 1910 amounted to 


141,257 short tons, valued at $563,567. 


Compared with the figures 


for 1909, it will be seen that there was a decrease of 25,438 short 
tons in quantity and $72,379 in value. There were forty-eight producers 
of lime in the State during 1910, and the production was distributed 
among the following 14 counties: Augusta, Botetourt, Frederick, 
Giles, Loudoun, Montgomery, Norfolk, Roanoke, Rockbridge, Rocking- 
ham, Russell, Shenandoah, Tazewell, and Warren. 

There are given in the table below the production and value of 
lime in Virginia during 1909 and 1910, by counties. 


Production and value of Inme in Virgina in 1909 and 1910, by 


C 


Augusta 
Botetourt 
Frederick 


ounty 


eereeceveereee eee 
oreereeere eee 


Montgomery 
Rockingham 
Shenandoah 





Other counties@ 











counties. 
1909 1910 
Production Production 
Short tons Value Short tons Value 
eo S10 ;552 1,671 $ 5,795 
30,521 115,069 PA BY 95,012 
29,668 102,500 28,323 106,258 
13,370 69,708 (a) (a) 
4,652 16,258 4,548 16,829 
32,164 131,677 45,798 198,186 
53,285 190,182 35,780 141,437 
166,695 $635,946 141,257 $563,567 











aIncludes during 1909, Giles, Loudoun, Rockbridge, Russell, Tazewell, and Warren; 
and during 1910 those of 1909 and the additional counties, Montgomery, Norfolk, and 


Roanoke. 
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In the table below is given the production of lime in Virginia in 
1909 and 1910, by uses. 


Production of Inme in Virgina, in 1909 and 1910, by uses, wm 


























short tons. 
1909 1910 
Quantity Value Quantity Value 
Building. lime. >... Sir ees me 89,546 $361,896 76,361 $322,529 
Hydrated (linies wi tise a (a) (ails) Wile? Swe Jeena 
Panerimilis 4.0.5 srs eee (b) (b) 13,714 45,215 
Fertilizer? <7 2 ee eee 57,606 205,896 33,766 118,419 
GAS TWOTKS2 2. soe oe a valbalbin Soe lWrelGuced SiN slate lea eo RE es ae CC ene 
Tanneries...) ee Ry 1,176 4,489 1,774 6,013 
Chemical works ..... ay ee (b) (b) 3,264 12,641 
Dealers—uses not specified. . 8,045 28,068 12,378 58,750 
Other Purposes )i0ib. vce an ‘ 22 116 eet eee eee 
Miscellaneous: 2. <a-4-6e08 45. : 10,300 LR sy A Pee, eerie Mek Penn Lo tas 
Totals cee cs. ecco eee 166,695 $635,946 141,257 $563,567 











aOnly a small quantity of the lime produced in Virginia is hydrated. 
bIncluded under miscellaneous. 
cIncludes gas and chemical works. 
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CEMENT. 


Although the cement industry may be said to be in its infancy in 
Virginia, yet the manufacture of this important economic product has 
been carried on for many years at one locality, and for a less time 
at another. Natural cement has been burned at Balcony Falls for over 
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a half century. The demand for a cheap and trustworthy cement for 
use in the construction of masonry, locks, and walls on the James River 
canal, led to the discovery of the hydraulic properties of the rock 
used at this plant. Since that time a natural cement has been manu- 
factured at this locality almost continuously, the James River Cement 
Company operating the plant at present. The rock used is a blue, 
argillaceous limestone of Lower Cambrian age, with an average thick- 
ness of 12 feet. 

There are only two plants for the manufacture of Portland cement 
in Virginia in operation at present, namely, that of the Virginia 
Portland Cement Company at Fordwick, Augusta County, and that of 
the Norfolk Portland Cement Corporation at Norfolk. The Fordwick 
plant has a capacity of 1,250,000 barrels, and is selling the Old Dom- 
inion cement in the North as well as in the South. The materials used 
by this plant in the manufacture of Old Dominion cement are Lewis- 
town limestone and shale. The Norfolk plant is the first plant built 
in the South to manufacture Portland cement from shell marl as the 
principal calcareous material instead of the hard rock—limestone. 
The marl and clay deposits used by this plant are located on branches 
of James River near Smithfield and Chuckatuck. 

Two additional plants of large capacity have been granted charters 
for the manufacture of Portland cement in Tidewater (Coastal Plain) 
Virginia. These are the Jamestown Portland Cement Company’s 
plant to be located at Yorktown, and the Colonial Portland Cement 
Company’s plant to be located near Grove. The raw materials to be 
used by these plants for the manufacture of Portland cement will be 
the Miocene marls and clays of the immediate area. 

There being only two plants in Virginia producing Portland 
cement in 1910, the figures of production are combined with those of 
another subject in order to avoid disclosing individual operations. 

Virginia possesses an abundance of raw materials from which 
cement can be made—an economic resource which will prove of great 
value. The Appalachian Valley and the various mountains and valleys 
westward, an area of 350 or more miles long and averaging 50 miles 
in width, contains limestones and shales equal in value and abundance 
to those of any other region. The State Geological Survey has issued a 
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valuable report? on the Cement Materials west of the Blue Ridge. 
This report is based on several seasons of careful investigations in the 
field, and contains an unusually large number of chemical analyses 
made of the limestones and shales from all parts of the region. 

Four prominent sources of cement material obtain in western 
Virginia. Named in geologic order, these are: 
Greenbrier (Mississippian) limestone. 
Lewistown (Helderbergian) limestone. 


Ordovician (Trenton, etc.) limestones and shales. 
Cambrian—impure limestone and shale. 


eww es 


Of these, the limestones and shales of Ordovician age are the most 
promising on account of their abundance, widespread distribution, and 
usually favorable chemical composition. The Lewistown limestone 
is now used in the manufacture of Portland cement at Craigsville, 
Augusta County, and the Greenbrier limestone will probably become 
an important source of cement material in southwestern Virginia. 

The most important cement materials of western Virginia are 
found in the pure and argillaceous limestones of Cambrian and Ordo- 
vician age, and in the calcareous and argillaceous phases of the 
Ordovician shales. These shales and limestones have a wider distribu- 
tion and are usually more accessible than other cement rock horizons 
of the State, such as the Lewistown of Helderbergian age, and the 
Mississippian or Subearboniferous (Greenbrier) lmestone. In gen- 
eral the entire Valley of Virginia is underlain by the Cambrian and 
Ordovician limestones, while the shales usually outcrop along the base 
of the mountains bounding it. In a similar manner, many of the 
valleys west of the Great Valley show these limestones and shales, 
higher formations occurring on the separate ridges. 

Three classes or groups of hydraulic cements” are recognized, and 
materials for their manufacture occur in Virginia. Named in the 
order of their importance, these are: (1) Portland cement, (2) 
Natural cement, and (3) Puzzolan cement. 

Meyers R. S., Virginia Geological Survey, Bulletin No. II-A, 1909. 

bIbid., 1909, pp. 5-32. 


Eckel, E. C., Cements, Limes, and Plasters: Their Materials, Manufacture, and 
Properties. John Wiley and Sons, New York, 1907. 
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In the manufacture of Portland cement, a finely ground mixture 
containing lime, silica, alumina, and iron oxide, in exactly determined 
proportions, is burnt at a temperature approaching 3,000° F. This 
burning produces a semi-fused mass called “clinker” which, as a last 
step in the process of manufacture, must be finely ground. The 
theoretical mixture employed for burning consists of 75 per cent cal- 
cium carbonate, 20 per cent iron, alumina, and silica, and 5 per cent 
allowed for magnesium carbonate and other substances. This ideal 
composition is seldom realized in nature and, as a rule, an artificial 
combination is made by mixing limestone or marl with clay or shale. 
In this case, one part of the clayey materials is generally added to 
three parts of pure limestone. 

The raw material from which natural cement is made is an 
argillaceous limestone carrying from 13 to 35 per cent of clayey 
material, of which about 10 to 22 per cent is silica, while alumina and 
iron oxide together may vary from 4 to 16 per cent. Unlike Portland 
cement rock, the percentage of magnesium carbonate may run high, the 
reason for this being that in natural cements the magnesia and lime 
are regarded as interchangeable. The hydraulic properties do not 
depend upon the percentage of lime but upon the clayey materials, 
which are the important factors to consider in the rock analysis. 

Limestones having a composition within the limits just indicated - 
are more or less abundant at several horizons in western Virginia, but 
probably the only one which will meet all the requirements and prove 
of economic importance is the argillaceous magnesian limestone of the 
lower part of the Shenandoah group. This rock, although often very 
similar in lithologic characters to the dolomitic hmestone found higher 
in the Shenandoah group, can be recognized as containing argillaceous 
matter by the clayey odor given forth when breathed upon. 

These limestones (Sherwood) and shales (Buena Vista) form the 
source of the rock used by the James River Cement Works, near 
Baleony Falls, Virginia, for making natural cement. These strata 
are found at various points along the eastern side of the Appalachian 
Valley in Virginia, so that a considerable supply of the necessary 
materials should be available. 
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The erection and operation of Portland cement plants, such as 
are now proposed in Tidewater Virginia, will have a stimulating 
influence on the entire industrial activity of the State. 


LIST OF CEMENT OPERATORS 


OPERATOR OFFIC PLANT 
Lamers Ie y Gly COTM ON TOU ae celnie ale are alclase e a5 x ISICON VR H EIN racicler eee Balcony Falls 
Norfolk Portland Cement Corporation...... Philadelphiays Pa a4... Norfolk 
Witeitineg POrLiond Comment: CO, 2 vac cre ais ING Wie OL Ki Nie sereie ste) che Fordwick 
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The production of sand and gravel in Virginia during 1909 
amounted to 847,476 short tons, valued at $281,177, as compared with 
449,234 short tons, valued at $119,095, in 1908, which represents an 
increase of 398,242 short tons, or 88.67 per cent, in quantity, and 
$162,082, or 73.47 per cent, in value. The 1910 production was 
764,321 short tons, valued at $215,416. 

These figures do not represent the total production of sand and gravel 
in Virginia, as large quantities are produced and utilized each year in 
the manufacture of brick, and in railway, highway, and sidewalk con- 
struction, ete., of which no record of the quantity used is kept and 
no returns are made to the office of the State Survey. Much the 
largest proportion of sand used in the State, for which returns are 
made, is for building and molding. In 1909, there were 33 producers 
of sand and gravel operating in 20 counties, and in 1910, 33 producers 
operating in 19 counties. The production of sand in Virginia during 
1910, by counties, was as follows: Elizabeth City, 56,272 short tons, 
valued at $31,229; Gules, 19,400 short tons, valued at $11,590; 
Henrico, 29,391 short tons, valued at $24,947; Roanoke, 6,500 short 
tons, valued at $2,625; Rockingham, 5,005 short tons, valued at 
$2,381; other counties,* 200,552 short tons, valued at $54,853. 

The following table shows the details of the industry, and the 
comparative quantities and values from 1905 to 1910, inclusive. 
~ alncludes Alleghany, Alexandria, Amherst, Carroll, Campbell, Charles City, 


Norfolk, Princess Anne, Prince George, Pulaski, Scott, Shenandoah, Washington, 
and Wise. 
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Production of Sand and Gravel wm Virginia, 1905-1910, by uses, in 
short tons. 
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aIncludes for 1910 polishing and filtration sand. 





1905 1906 1907 
Quantity) Value |Quantity| Value | Quantity; Value 
IE SR 8 ee Pet ge raat, tap ee dee 1,246 | $ 4,585 

61,246 | $ 37,899 26,694 | $ 15,466 50,627 30,377 
244,572 96,248 272,396 91,265 158,715 67,160 
810 405 1,000 BOO. ta wcdotes eae Sletten eee 
4,775 3,580 4,370 1,970 10,239 4,603 
4,212 2,665 21,376 8,028 10,059 4,227 
250 330 8,602 4,072 24,334 9,958 
35,250 13,453 780 650 13,002 2,952 
351,115 | $154,580 330,178 | $121,951 268,222 | $123,812 

1908 1909 1910 
Quantity) Value | Quantity| Value | Quantity; Value 
a 1 PIRES OER fy) PIT, pe Ao eal 700 | $ 450 

47,888 | $ 22,568 25,480 | $ 17,241 sa Pay & 24,954 
139,742 61,378 368,744 125,208 251,170 88,340 

, hed : ar Bian ee heel RS eH aR marie 
11,295 5,500 9,740 4,563 5,339 2,088 
670 325 47,631 8,149 22,494 10,628 
242,988 26,464 392,287 124,431 447,201 87,791 
449,234 | $119,095 847,476 | $281,177 764,321 | $215,416 
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LIST OF SAND AND GRAVEL OPERATORS 


OPERATOR OFFICE BED OR PIT 
ACRE MM IIICH A cst eials ceca mtee Li ere e iels &. 5 Uric? se. ses ea hee Lurich 
American Locomotive! Co. fava. eae ss ets oe RAICHMONd wee eee Richmond 
ADNOMeattox LON) WOLKS memeiee Gi case © oes eye PeLtersbure wince tute ae Petersburg 
Bicktord:sand é& GravelsGox, Ince... eee se ELEM DUONG mewantere eters sate G Hampton 
IB OVEOI re ODI Dis pont aic tacts, «:chotarete she eet ace te UNO DLO Licgarreshaeter beta ciste at Hampton 
BOUCOMSANGR COL wd sills cts oeicce ere ets cute ele,» IRATE! “Aaa AoA SSA Richmond 
Bronwlawe bricks Coveq tee. ceri ts ve sce ele PANCXAN OPT We areiel see's Alexandria 
CalhounvesSrO... J AMLCS MWe steps teos > sietele rece NOE TIGR LY Glaser center ote North River 
CartersMTs Mos Hittes. crouse fo eicte eiete bis ake BuUuddle wry cece ots Pulaski City 
Catawba Valley Ry. & Mng. Co....... eres OL LOM rea, tone erate eee srcicke © Salem 
CAVECOMEWRe LIN. crete iecs sie oes stele ee sie ties ete Lu CIINVOING ame rene craters eae ene Richmond 
Chesapeake & Ohio Railway Co......... wo LASICE OILY tacts se crane . Basic City 
CHESHITEZWFSODS, esc: Wiss cc crete s)s seo cre as -Martinsville .........Martinsville 
CHING TAT ee Jeet el trees a cio opel crereicher eke «a tie ole -Providence Forge ..... Providence Forge 
CVINGGINStwed DOW clerwetokcie sie one there ouecla es eiete J|Oyohbayeyoigedn’ 4 8 os oaks Edinburgh 
Columbia Granite & Dredging Co.......... Wiashinetons 7 Cs... .. Potomac River 
COOpeErGlASNsG@asilicae COms sc. cee ciele cote CS e LOTIMBN Steet ain se eh elicks: oT e+ Salem 
GOWAT GIN eon baee ris cre ae teiicre ci arelelstate ors iele eet e SLC INONO mest, ae ee enc Richmond 
CU VAR Wit Mosaic hele weve ess eee ss Me eferere re LIUITL CIs memerer cies ters sper cas « Lurich 
WuUnlisee Hae Ce teercteupecsosetaie is seletere. « Wieierd ete, s. sets Holdcrottion. 160s ee oe -Holderoft 
DIRT R Pe aes ka ea she tinieiane Mer ee ae ere ESE ALY cle ars etel eine tous Bluff City 
IDETD VSL NLES: mMii sl ape tl sche stats ielsucye os ost ons TCH MONG Se sts eust e are. Richmond 
BTS ie se Cir clnteta pita kt and elias allie) x's 8 a ak 1S) 401d CN A Se Sry Oe Pearisburg 
PAN ESeA ce Wastseeicas he rolaehcreierele or etcte eels «eller ee TOADOKR Gi wi eterote ee ate sters Roanoke 
Liisa ema spropep Wl [s Woes 2 es es Te oe ee eres (OUEEN Ci tenn chloe feet de este e Curve 
LNG IS RAG 6 B Sib od Olthow in a eae A Reo IND TLOW Surenarcrese tne aeevcke ore Narrows 
Cupnoney Sandubar Conley cists alec oes se Bertombeets cr. sachets ccs’ Berton 
EGU NOR BINS as 5 io-5.a Aron nie Ore Clr SIE Di ie: One eI Providence Forge ..... Providence Forge. 
(COUN Ae 8K CEM IN bow sicws So SM Gro ge Orono o bio. oon Providence Forge ..... Providence Forge 
CGOCHEM OMI wit a erence Ut La eta ieyers ils aie 6 ser PVAUTERtCOWIM Bichit «tests « Maurertown 
Son Gilet ODI C Onset tien pice eos SR a hale el» Richmvond serera ates caciere Richmond 
EEO AUS Tw VULS a0 Semele cane tomer chelates) sts, ov etal ie emote. + Richmond (Fairmont) .Richmond 
1S Kop. Gbll, Mb Sis chy Georg Clarion Cig ANID OLO. om .- Providence Forge ..... Providence Forge 
Hunter Farmers Friend Plow Works, The 
G@harleseHien secre. oieneis = eae O°6 Baty ho Gio, uct Eredericksburg, (fear «st I'redericksburg 
International Sand & Material Co.......... NOLTOUKRS cetetets os che charets Norfolk 
var lO GeeLy rN COs ©. Ores a telena cieks iets ers lenetinstatet © JGigrhalaVor-e £8 Shan Aakers ih On Ivanhoe 
UEKO Moi AB), WG AA Aan ou.o.deroitas oOo oscIC (Gpwhas MGM BBA aS ae oe cee James River 
OTE LOU. cr UM LCL EL e Satahy cree, « cve,e wee eae oe ABlUfle Clty wank sere Bluff City 
PAU SNOT GO. 51S vie cata wee ae! eee eens 6 Bee PPUlASKimiestkatceseseste treats Laughon Siding 
OTM MEO VWillg Soro Bed cenit, 6 06d Seiad Deon 0 parker Richio Giiecctaetete sie caer es Richmond 
ibsialivobii, GRe, “Ws oeitetowate CaO t as BOG tito INS TOW NSieatoc rs -racustets ote Narrows 
Lowmoor Iron Company of Virginia....... TOWN OOTE-1- ariel eaavareye tne Lowmoor 
IMGT ET thew Peet VVileoter sist ohere re) elteisisej'sic..c + lets). lel sis) sisi Wich VIC SDOLOmsnstste sty ena te Waynesboro 
OT Cr LILO. Eo sere ao eee ain wea 40s F ail ochase oe. North River eeuee ce <1 Harrisonburg 
EWE lf onse ote wo ays aoe aoe oie aie cis! miapn o,9) 0, a0 8-0: 6 RoanOkGi arenes esters Roanoke 
NEMA Cr Wa byes KOOKS abe Gols Gia os cdom Sooo ou Tyne h Dir eres noite cere Lynchburg 
Norfolk Railway & Light Co.............-. NOCLO Keven teustecete oye) ein cle Norfolk 
Norfolk & Southern Railway Co........... NOrtolkiamarctec ctisheys: <7 Cape Henry 
j2jeud kao fh. UM ae ot oom once COme on mNs POCCESD Uno averse tekenenacs. ss Petersburg 
Port Republic Foundry.........+..+seeee0- PorteRepubliGe ac: see. Port Republic 
James River 
Dutch Gap 
Presque Gravel Co....... essere eeeerecees Norfolk ....-+.++-20- Ocher 


Petersburg 
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OPERATOR OFFICH BED OR PIT 
PuresStlexi Co fei ce cis er onabetets eae etetekel ehern) casts Scottsville waer.cteti es e7. Scottsville 
C\uUarles WiAS JG os coca aal srebarotonetetees einteka aa Usteias Ri GHEVOLNC Mats enarecerenelel cece Richmond 
Radford eM rs HMIM seta ietetereeestets eet sere RICHMONG F veratecciscete steers Richmond 
RichardsonseR.g Was sc clstie eateries eres Providence Forge .....Providence Forge 
Richmond, Fredericksburg & Potomac Rail- ,,. Bowling Green 

way Co. & eee Richmond eres cee as | sti eet eens 
Rodgers, a0 AMES AM. ciccse ce ela siete eee oe VAMCS RIV eReaetetecste eae ete James River 
ROGELS, LTD, pause te sel nie ore he asks eae ee eee EvanhoOe rr. vrsisitecctsts ctor Ivanhoe 
NOLLOTA, DT .cd. Saja sais isms ase wire tart ster Weyers, CAYG visi ota o> : Weyers Cave 
Shepherd, /LBrKin. wi cee wot deh irae es ce ee Appalachisuessmits sce Appalachia 
SlAQUusHter eae eG iin see er cee ea eee ere ee Fredericksburg ....... Fredericksburg 
Wmptadleric Jai ct. evs aie ctetoneneterstece hte crore tre NOLLOIKY aestterencaeteiete ers Norfolk 
Water Works Supply Corporation.......... Norfolk 24226 nihe-aiccete sie Norfolk 
Webb ol AB iis hoes, cia ce Aen a en oe FOANOKG Fy ac cteretenoetstore Glad Creek 
Willa, :70.. A istasstescw phe catetateaciese pee Ree earn eto lsyneCh bury ar, testers et Lynchburg 


SAND-LIME BRICK. - 


The term sand-lime brick is used “to cover all brick made by mixing 
sand or gravel with a relatively small percentage of slaked hme, 
pressing the mixture into form in a brick mold, and drying and harden- 
ing the product either by sun heat or artificial methods.’ 

The manufacture of sand-lime brick in Virginia commenced only 
a few years ago. ‘The total number of sand-lime brick produced in 
1908 was 6,181,000 brick, valued at $36,934, of which 6,123,000 were 
common brick valued at $36,184. On account of there being only 
two producers of sand-lime brick in the State during 1909, the figures 
are given under “Other products” in the table on page 5, in order to 
avoid disclosing individual production. The 1910 production of sand- 
lime brick in Virginia is included under “‘Other products” in the table 


on page 6. 
LIST OF SAND-LIME BRICK OPERATORS 

OPERATOR OFFICE WORKS 
Cape Henry Granite Brick Corporation WAStHHACLOTO me ctetetcieie Hast Radford 
New River Sandstone Brick Co......... Pe WaSteRAGLOrG mets vete tere Kast Radford 
Norton silicate BrickiCo ee sceate sieteis atte ote WINOL LON Vere avis dole a ke Norton 
Old Dominion Granite, Brick) Coc ..ui cea Caper Charlesar sc. «ete Cape Charles 
Virginia Sand-lLdame Brick. Co... .0g.0 ssn we ee OLLOIne y cece a Sao NOLLOLK 


aKckel, E. C. Cements, Limes, and Plasters: Their Materials, Manufacture, and 
Properties. John Wiley and Sons, New York, 1907. 
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STONE. 


The production of stone has been an important industry in the 
State for many years, and the product of some varieties, especially 
granite, has been used in many notable structures. The rocks of 
Virginia include a large variety and abundance of excellent stone 
suitable for building, decorative, and other purposes. These have wide 
distribution over the Crystalline and Mountain provinces, comprising 
in the former, granite, gneiss, and schist, trappean rocks, in part known 
to the trade as black granites, slate, quartzite and sandstone, limestone 
and marble; and in the latter, sandstone, limestone, and marble. 

The stone industry is the fourth in importance among those based 
upon the mineral wealth of the State, being surpassed only by the coal, 
clay products, and iron ores. The value of the annual production of 
stone in Virginia from 1900 to 1910, inclusive, is given in the accom- 
panying table. 


Value of the annual production of Stone in Virginia from 1900 to 
1910, inclusive. | 




















oO hae tranite |Sandstone Slate Limestone Total 

Value Value Value Value Value 
Uae te cen tee $211,080 $ 6,000 $190,211 $403,318 | $ 810,609 
POO Mederoece tite, cig att 275,701 5,303 178,979 986,177 1,416,160 
OD heen ae Gl. cake 282,046 2,500 160,951 534,113 979,610 
10S eee. 299,335 4,471 115,356 569,205 988,367 
AGUS Os oe SS hae 510,788 13,522 130,208 442,978 1,097,496 
WBS Ati or ea bere 452,390 2,000 146,786 212,660 813,836 
1SUG seer. ee 340,900 5,100 172,857 260,343 779,200 
DO aero re tee at 398,426 (a) 173,670 362,062 935,158 
POST) be, es 321,530 2,600 194,356 280,542 799,028 
OUE Peer vines ater 488,250 28,574 180,775 342,656 1,040,255 
TER RO ae We RR Ae oF die 503,106 25,080 148,721 471,903 1,148,810 




















aSmall value included with West Virginia. 


The total value of the different kinds of stone quarried for the 
period of years for which statistics are given, shows that the quarrying 
of limestone is the largest industry in stone, with granite next, and 
slate third. For the past several years granite has been of first impor- 
tance, although the difference in the annual value of its production 
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and that of limestone is very small. The variation in limestone 
production is controlled in large part by the blast furnace conditions 
where it is used as a flux. The production of sandstone for the period 
represented in the table is relatively unimportant. 

The value of the total production of stone in the State during 
1909 was $1,040,255, while the value for 1910 was $1,148,810. 


GRANITE. 


Granites, including the foliated type gneisses, have very wide dis- 
tribution throughout the Virginia Piedmont regicn, constituting one 
of the dominant rock types. The general excellence of the Virginia 
granites as a building and ornamental stone has long been established 
in the commercial world. There is not a county within the limits of 
the Piedmont region that does not contain some granite, but the quarry- 
ing industry has thus far been limited to less than half a dozen 
counties. The principal producing areas of massive granites are dis- 
tributed along the eastern border of the Piedmont Plateau. They 
include (1) the Petersburg area, (2) the Richmond area, and (3) the 
Fredericksburg area. The principal counties composing these areas 
are Dinwiddie, Chesterfield, Henrico, and Spottsylvania. A small 
amount of granite has been quarried in a number of other counties 
within the limits of the Piedmont to supply strictly a local demand. 

The granites of the State are chiefly granular aggregates of the 
minerals quartz, feldspar, and mica. MHornblende and epidote are 
important minerals in the granites of a few localities in the State, the 
latter being conspicuous in the variety of granite known as unakite, 
which is found in Madison, Page, and Grayson counties. Based then 
on mineral composition, we have the following varieties of Virginia 
granite: (1) Biotite granite, under which vastly the majority of the 
granites of the State belong; (2) muscovite granite; (3) hornblende- 
biotite granite; and (4) epidote granite. 

The chemical composition of the granites in the Richmond, Peters- 
burg, and Fredericksburg areas is shown in the table of analyses on page 
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Analyses of Virguma Granites. 


(Wm. M. THORNTON, JR., Analyst.) 





Constitutents 





PiLiChe USiGlale Soc oe ces 
lumina e (Als Ose... oss 
Ferric oxide (Fe:O3)....... 
Ferrous oxide (FeO)....... 
Magnesia (MgO) .......... 
SHIT UEC) ) teen. ccs. ots alan 
BOCEUENH LOY) ws ae tac 
POL asia Wathen ce «rete. 
Water (H:;O) —110° G...... 
Water (H.O) +110° C..... 
Titanium oxide (TiO.).... 
Manganese oxide (MnO).... 
Carbon dioxide (CO.,)..... 
Phosphorie acid (P.20s)... 








trace 
0.21 
0.02 


oo 


100.25 


IT 





Per 
cent. 


faker 
Wss2 
iF) 
1.20 
0.80 
1.79 
3.64 
4.63 
0.17 
0.31 
0.33 
0.08 
trace 
0.30 


100.29 








I. Medium-textured and medium gray, biotite granite. 








III 


Per 
cent. 


71.19 
14.01 
1.66 
1.29 
0.44 
2.04 
3.56 
4.45 
0.04 
0.33 
0.35 
0.02 
trace 
0.34 


—————. 


wotie 




















Ly, iV; 
Per eer 
cent. | cent. 
70.83) 69.48 
PA locge 
BGT e2co2 
beoor Sie) 
OepoP a el0 
1.88} 2.81 
ae es el a 
4.83} 3.45 
0.07) 0.04 
0.34) 0.50 
0.41} 0.47 
0.03} 0.08 
trace| trace 
0.33} 0.49 
99 .47/100.49 





VI 





Per 
cent. 
69.44 
15.46 

1.31 
1.43 
1.01 
2alt 
3.97 
4.25 


0.07 


0.29 
0.48 
0.03 
trace 
0.22 


100.07 





VII 





Per | 
cent. 
69.29 
14.07 
2.59) 
2.03) 
1.32 
2.76 
2.89 
2.87 
0.06 
0.37 
0.50) 
0.08 
trace 
0.26 


99 .09| 
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VIII 





Per 
cent. 


68.45 
10.00 
Sere | 
2.59 
3.26 
6.20 
1.98 
1.18 
0.18 
0.62 
0.20 
0.05 
trace 
0.25 


100.67 





ries, 4.5 miles west of Richmond, Chesterfield County. 


II. Medium-textured and medium gray, biotite granite. 


burg Granite Co.’s quarries, Petersburg, Dinwiddie County. 
III. Fine-grained, dark blue-gray, biotite granite, McGowan, Netherwood, and 
Donald quarries, Chesterfield County, and Mitchell and Copeland quarry, 
Henrico County, near Richmond. 
IV. Medium coarse-textured and medium gray, biotite granite. 
State (Old Dominion), Granite Development Co., Krimm and Middendorf 
quarries, Chesterfield County, near Richmond. 
Cartwright and Davis quarries, 


V. Fine-grained, dark blue-gray, biotite granite. 


near Fredericksburg, Spottsylvania County. 


VI. Medium-textured and medium gray, biotite granite. 


terfield County, 5 miles west of Richmond. 
VII. Medium coarse-textured, gray, biotite granite-gneiss. 


Line Railway) quarry, near Manchester, Chesterfield County. 
VIII. Medium coarse-textured, gray, biotite granite-gneiss. 


Westham granite quar- 


Lassiter and Peters- 


Netherwood, 


McIntosh quarry, Ches- 


quarries, near Fredericksburg, Spottsylvania County. 


Middendorf 


(Belt 


Cartwright and Davis 


The Richmond area is the principal granite-producing area in the 


State. Not less than 20 quarries have been worked within the limits 


of the area, some of which are very extensive, being worked to a depth of 


nearly 200 feet. ‘Two grades of granite are quarried, one a fine- 


grained, dark blue-gray rock, extensively used as monument stock, the 
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other a coarser grained and lighter colored gray rock admirably suited 
for building purposes. Both are homogeneous even-granular granites, 
possessing good working qualities. The fine-grained, dark blue-gray 
granite is susceptible of a high and permanent polish, and is a superior 
monumental stone. 

Under the general head of granite are included in the trade such 
erystalline rocks as syenite, diorite, gabbro, and diabase, and the banded 
rocks known as gneiss and schist. 

The production of granite during 1909 was valued at $488,250, 
as against $321,530 in 1908, a gain in value of $166,720, or nearly 
52 per cent. ‘Twelve counties contributed to this production, namely, 
Alexandria, Amherst, Campbell, Chesterfield, Dinwiddie, Fairfax, 
Goochland, Greenesville, Henrico, Pittsylvania, Prince Edward, and 
Stafford. The uses made of the stone and the value of each are given 
in the table below. The 1910 production of granite in Virginia was 
valued at $503,106. 

There are given in the tables below the value and uses of the granite 


and gneiss quarried in Virginia during the years 1900 to 1910, 
inclusive. 


Value of Granite produced in Virgima, 1900-1910, by uses. 

















Use 1900 1901 1902 
Building ie, Wal the, Gee $ 40,763 $ 21,158 
Sold in the rough. Monumental $ 12,000 8,300 12,500 
Othery, ee ee eee eee 230: oaen a eee 
Dressed "tor: building *.<.cees eee ee eee 55,296 45,737 28,840 
Dressed for monumental work........... 21,461 52,404 51,612 
Made into paying blocksiy ai. ase 1+ eens 16,605 17,253 14,845 
CUTDIN EU). 5 ac skatenths See ee al eee ee 8,810 \ 29,796 
PIA@@eiNG oes oe le aces trans ate Cole ene eae nee ne 7,977 
BUDDIES. Se aa alee oe ate eres cae ate SAE Ie eon TL Cree eee \ 43,029 26,255 
RIPLaD .4 Wes ech acs See ea ere ee 15,883 |. , 17,215 
Road-making 9,850 6,133 
Crushed stone..... Railroad ballast 38,850 7,841 25,554 
Concrete 42,317 46,588 
OUR os oss ences ss ees can tae Sage ee UM ceca aiaraemer a year 1,000 
Totalyecse eee ee eee eee $211,080 $275,701 $282,046 








a 
ES 
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Value of Gramte produced in Virgima, 1900-1910, by uses.—Continued. 


1903 


$ 26,345 
13,440 


60,820 
2,000 


$299,335 








1904 


$ 39,613 
17,320 


oer ee eeeee 


3,016 
40,524 
7,630 


12,940 | 


61,352 


165,043 


t 


$510,788 


1905 


$ 31,224 
10,415 


21,175 
69,360 
166,364 
807 





~ $452,390 





1906 


$ 18,158 
15,804 
200 


eoeeeeeeeve 


1907 


$ 19,350 


oer eee eee ele ere eee eeee 


$340,900 


$398,426 





1908 


$ 26,769 
12,664 


eoeeeee ee 


92,895 
81,745 


eoeeee ee eee 


$321,530 





1909 


eoeoerereee eee 








| $488,250 





1910 


$503,106 


In the table below is given the number of granite paving blocks 
produced in Virginia, by years, from 1904 to 1910, inclusive. 


Number and value of Granite Paving Blocks produced in Virgina, 














1904-1910. 

Year Number Value 
ny TR Nee 2 aad PORE oe 1,032,200 $30,966 
Pee RM rae ee ek 913,440 19,220 
? Wa Oy ARN ae an 1a SU ee Rk 1,385,000 29,536 
2 ER pe re PR 685,100 18,072 
SOT ee ee ccd heres « 252,910 10,173 
ay BOE a ere eT ee 858,300 18,053 
Stee iene 6 EE Se eee): 680,602 28,596 





Average Value 
per 1,000 
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OPERATOR OFFICE QUARRY 
American stones CO. sLnCr. ieee Sate se 8 else Richmond ies ee ABE Boscobel 
Andrews! i& "Co dil Ws asics «0s ele serauetel aikonera Petersburg ...........Petersburg 
Bedford Aw - Gis Sa atone elere wets re VOle foevrow ote slesfoabenveyayel Se a aa ese Butterworth 
Belmonte lraprock Cosel Ceretiets ieee eee Belmont] Park ee eee Belmont Park 
Brennan Construction Co. (Gmeiss)....... -Washington, D. Coc... Chain Bridge 
Brown eds ELGnryir ates <eiere ey uereuate fetaitie s Greats Richmond ict silencers ..Dunbarton Station 
Butterworth)! Ree sete cere ieee ete eke tsk ere JETHRO AVA. Sain aro Ge Pride 
Cartwright Gu Davis 5 gee cinta ae © slesel avers ais Fredericksburg .......Fredericksburg 
Casey; (JohnnV Be, esis cies ele eeeee ve © Siete dares SIUVNCHDULS bate sisterens eis - Lynchburg 
Columbia Granite & Dredging Co......... . Washington, D. C.....Washington, D. C. 
Consolidated eQuarry) COmee fo eter ie eterna ~s Washington DimiGria..7. Occoquan (near) 
Cranford = Payvines Co. (Giessen ciel mtitee Washington, D. C.....Washington, D. C. 
Danville, Gity ote... 0. by betie cise Corte eee Danville ow. .gsenee ess Danville 
Wchols V& Com dsmils 2. wet shiv s ties Lynehburg ©... cision . Lynehburg 
Bord, Jo 7 Rese ke os sa estee ce ere gree einereete eLIVTICMO ULE <span cies Lynchburg 
Horge Granite & Lumber Oo... ... sie het Falmouth .:.'.:o ec eee Falmouth (near) 
Mountain Creek (Granite: Wout. . «sh dee. INOLEGIK EE... can cleacie eters . Hitchcock 
Fredericksburg) Power iGO tmeiir. ole lee snare tetra Fredericksburg ...... . Fredericksburg 
Falls AWOL. Wit taturn its ast totes tote te. oereus tote ate PLGVMCNDULE e. . cletee teeta eo Lynchburg 
NS Wis i to Pa eel | ee ee hd Er ee gE lcs ti Richwionds.< eee eee fe (Harris  Sid- 
ing 
Holland .,EicS ok. npccecainsc dence. teen eaeeeteaens Richmond: “vetoetoeceioe Buffalo Station 
IslandiGranttey Conwy ime... cette th eee ceeerete Richmond 2. «.. stores tencncte Richmond 
James; River, Granite: Cows ad tee eee Richnionde ccm eee Sosa (Holland Sid- 
ing 
JONES; HArvey voccc oe kee ke eae eee Bie ae ees ynenburgmi-.cc cet oe Lynchburg 
Lane Brose Co saan. bh ae he eeatekdes: ot oer eee eae ANTS AVGASUR hen. toed chee eet Alta Vista 
Lee Stone Coss o.oo cbs wie ks ue alee re Nj@Chmas ts ehete tole ore Perea’ .-Lee 
Hennoxs J) ODN ete cites Seon omet s RiGSVAStA Ac iewhue cee tate Rio Vista 
LOG aT AA: crayon) cosa eee ay etic eee Lynchburg, R.F.D.No.3.Lynchburg 
Lonewack Stone Gos (Geiss) =o... eee syn chburoeenes «2 ees . -Lynchburg 
MeCloy7Granite Cos sO A ere ee rerencnee Richmond yeni. eee Richmond 
McGowan, OHM gece cette: rele nies ote ere hshe cs RICHIM OMG ree eett rete Manchester 
MeGranighan een Aros rte narr ate Rranitey carer. levers seie Granite 
McIntosh, Hugh (Chesterfield Granite 
WOPES) On ete eae letersi se ees oe tated er Granites ner. Granite 
Moncure, Pettitt.& Moncure ss... .es. oe ee Kast Falls Church (or 
Alexandria C. H.) Falls Church 
Morrise&& 2bipscomb 2... eremmnetie eke cae cveeei cnet Roanoke ycteyecte seers se Goodview 
Nelson Stone Co., Taylor Gleaves ........ [Prag akabaenetes 3.5 85 Gre cerond ec Faber 
Netherwood) Albin yaar e era oe ce ee Richmond geet eee ee Richmond 
Norfolk-Gounty Road) board... ee ee WN OmRO IE oes ae .s 5 A Emporia 
Occoquan Stone & Lumber Co............ OCCHQUAN seeks eae ee Occoquan 
Old Dominion Iron & Nail Works......... RiChmMONG si... ee wee Belle Isle 
Peterspure’ Granite: Co#-e-rk eee ee Baltimore; Md... ....5. Petersburg 
Rockiishy Ballasts Cok sas eee oe ee Baltimore; Mads... ..: Rockfish 
Slocombe; Wii Actas ce hse ke cacietae eben ete Harm yille@memecw ise Farmville 
Slocombe 7GijHa lek iarae ee cle ere ane LAY IVCHD UT ie stots: tater ole, ors Lynchburg 
Smith? &: Co:,/ I NGeelsed pre eeaeie er arene RGM OT G Siteds<atees eioreeers Richmond 
Southern OuarryeiCo ssc asiere Sener ene MVS DINE LON Ge clets tercre - Rockfish 
Sunnyside GranitesC@os inca ec tie ele eet Richmond, R.F.D No. 2.Richmond (Dunbarton 
Station) 
Virginia ‘Granites Cor. iw wee ie ee ees Riechiondiee. cits Dunbarton Station 
Virginia Quarrying Corporation........... NOLL O] Kates tatedroecec cette Manchester 
Virginia’ States Marmite rete ileal (VQSSITCI Me arctan Nts sietsks Lassiter 
Wakefield Granite Quarries.............. Petersbure eaten eee Petersburg 
WrayivA. dS tence saree ee eee ee ister ers once Richio terriers er oe Granite 
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MARBLE. 


Marbles are found in the Mountain province west of the Blue Ridge 
and in the Piedmont province to the east, but there has been but slight 
attempt to develop them, owing chiefly to a lack of definite knowledge 
of their extent and quality. Bands occur in some of the limestones 
of the Mountain province, especially in the Shenandoah and Chicka- 
mauga formations, of a color and texture which adapt them to orna- 
mental purposes. These show a variety of color and texture. White, 
eray, red, and black colors are found. These marbles have not received 
the attention which they apparently merit in places, and the develop- 
ments thus far are slight. 

Onyx marbles are fairly abundant in the limestone caves and 
caverns of the Valley region, but it is probable that these will rank 
as “uniques” rather than objects of commercial value. Large deposits 
of onyx marbles are found near Bridgewater in Rockingham County, 
but they have not been investigated and very little is known of their 
quality. 

Marbles of excellent quality occur in the vicinity of Goose Creek, 
Loudoun County. Samples of the white marble are not excelled for 
purity of color, fineness of grain, and general excellence, by that of 
any other marble in the United States. At Goose Creek, the marble 
bed is about 52 feet thick and has been worked to a considerable depth. 
The varieties shown are chiefly white, but there occur, also, banded 
blue and white, serpentinized white and green, pink and white, and 
green and white. These beds are pure, and the stone is of great 
beauty and takes a good polish. The lack of transporation facilities 
has thus far prevented extensive quarrying. 

Undeveloped areas of marbles are known in Grayson, Campbell, 
Nelson, and Pittsylvania counties. Openings were made in some of 
these many years ago and the stone burned into lime. 

There has been no production of marble in Virginia for several 
years. 

LIMESTONE. 

Limestone has its greatest distribution in the region west of the 
Blue Ridge where it forms one of the dominant rock types. It has 
had only a limited use for building purposes, but has been extensively 
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quarried for use as a furnace flux, for lime-making in building and 
agriculture, for road metal and ballast, for concrete, and for the manu- 
facture of Portland and natural cements. Four prominent sources of 
limestone obtain in this region, which, named in geologic order, are: 


4. Greenbrier (Mississipian) limestone. 

3. Lewistown (Helderbergian) limestone. 

2. Ordovician (Trenton, etc.) limestone. 
1. Cambrian limestone. 

Of these four principal divisions of limestones, the Cambrian and 
Ordovician limestones constitute the Shenandoah (Valley) limestone 
group, which is the most persistent limestone group in the State. It 
is the underlying or basement rock of the Great Valley (Shenandoah) 
of Virginia. The most important and only limestone which has been 
used in buildings is the Shenandoah limestone of the Great Valley. 
In its normal development, it is probably not less than 3,500 feet 
thick and in places it is much thicker. It has a wide range in com- 
position and is divisible into several different members. The most 
important member of the Shenandoah limestone for building stone is 
the Natural Bridge limestone, which is usually a heavy-bedded, dark 
blue to gray magnesian limestone, frequently dolomitic. Quarries have 
been opened in it, in many places through the Valley region, and the 
stone used locally for building purposes. 

The Lewistown and Greenbrier limestones have not been used for 
building purposes, but each has been quarried in places, especially the 
Lewistown, and used for fluxing the iron ores at the blast furnaces. 

The value of limestone produced in the State during 1909 was 
$342,656, as compared with $280,542 in 1908. This represents a gain 
of $62,114, or slightly over 22 per cent, in value. This increase in 
production was due chiefly to an increased production of limestone for 
use as railroad ballast and fluxing purposes. There were 32 producers 
of limestone operating in fourteen counties of the State, as against 
30 producers in 1908. There is given below in tabular form the value 
of limestone produced in Virginia in 1909, by counties. 


LIMESTONE. 
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Value of Limestone produced in Virgima in 1909, by counties. 

















County Value 
SEV EEE 7 es SAR I gai vl oo ain dit ok Sen 2 elt $ 5,081 
ISTV HS HON reg: Se ABE ohare othe Ae, ne ae > Ni Naan a aay Pe 59,695 
TSA) LO Os Sal ac cy, rears ITE re nh eRe niche arches bios 3 via.n dade 13,511 
ECOCK LICE rcs cetera mn gern ete eae wea ov oicleisie ea erssialeieie d 37,281 
COLNGTECOUUNCIORN cr tat sae here yd scence ee aioccesburaae 227,088 

JS he ok ok ee Bar neeA GREE EIA A eee ee $342,656 


Tazewell, Washington, and Wythe. 


alncludes Alleghany, Giles, Lee, Loudoun, Rockingham, Russell, Shenandoah, 


The production of limestone in Virginia during 1910 was valued 


at $471,903, which represents an increase in value over the 1909 pro- 
duction of $29,247. 

There were 37 producers of limestone in the State during 1910, 
operating in the following 15 counties: Alleghany, Augusta, Botetourt, 
Giles, Loudoun, Pulaski, Roanoke, Rockbridge, Shenandoah, Smyth, 
- Tazewell, Warren, Washington, Wise, and Wythe. 

The production of lmestone in Virginia from 1902 to 1910, 
inclusive, and the uses for which it was quarried are given in the 


table below: 


Production of Inmestone in Virgumia from 1902 to 1910, by uses. 


Rough building . 
Dressed building 


Re ae nee" 
Crushed stone: 
Road making 


eee eee eee 


‘Railroad ballast 


Concrete 
Flux 


os eeer eee eee 


Total 


core ee eee ee 


eecee eevee ee 


eecseereee ee 


oeore eer eee e eee ee ee 


eevee eee eee 


ore eee ewww 


oe ee ee ee 


eooereeeeeeee 


cee eee ee eee 


oreere eee eee 


eoere epee eee 








1902 . 


shisl es ee elevene 
SiO. se OWere elers 
Cheese 60s eye Ore 
0) wa siaave.o.8, 
Se ee ee 


ew ewe ereee 


11,318 


$534,113 








1903 


eee ee ee eee 


oer eee eeee 


| 
ore eee ewes 


’ 











1904 


|e eereereeeeoe 


5,668 
117,882 


$569,205., $442,978 





1905 


eee ee ee eee 
oor ee ee eeve 
oeeeer ee eve 


oes ere ee eee 


$212,660 © 





1906 


eee ee ee eee 


oer ee eee ee 


18,700 
219,707 


eee eee eee 


$260,343 
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Production of Iimestone in Virgima from 1902 to 1910, by uses.— 




















Continued. 
1907 1908 1909 1910 
Rough Batldineg sy. ccs4e es oe eer ae & olf h L870) 3° FIs hee 25 
Dresse@huatiding 4...) ee 1,130 2,950 $29 Ree 
Paying ace ete ote ae ee DOU Waser share 15 45 
Curbing ase0d, Peas care cee aie ree tet 79.Me ako ees 750 
Flagging? iby ney Sea ae ee eee eee 110) A AE eee ; 
Rubble. : sz oo cre fet Pe eee ce are Be 38,000 3,188 
Rifas iit. ee geee Ce RE ast ta ree DOlL Ni seu ers« 1,805 
Crushed stone: | 
ROA OAkine ee, ee 37,000 30,159 31,076 20,056 
Rajizoad Dallast> 4 aus eee 12,269 45,541 84,883 108,129 
COncretemey sete ee 32,326 26,604 8,068 36,849 
get Oe are eee 275,517 169,847 213,444 294,668 
Unspecified -)5.4...62.5 150 5 1,319 6,288 
Total $362,062? | $280,542 | $342,656 | $471,903 
(“hte 
LIST OF LIMESTONE OPERATORS 
OPERATOR OFFICE QUARRY 
Abin edons Coustruction CO. ater aera Abingdon 27... % stad siaie s Abingdon 
AllerhanyeLImMes oye lUGe eee sercrete some te cre CHrIStianSDULl oS eet cr Houchin Station 
An@pewe '& Co-, sine 7 Ts @er ae eeeee Mort Via oni tem crs cae reat Norfolk 
Beinkam pens imes Coven eeeicicte eee a ieks Redrord. Ber & iss cette casa Radford 
Bertha’ Mineral *@o.5 Ines. soo. pes oe. oh Pulaskteercistcict es ce cae Austinville 
Bradley CUSamueliArerecn sce eee srcicceeeel cee ING W DOL CBs eae rene casieke Newport 
BristolyLimer&stonesCo,.sINCe eee eens Bristol Vac Lennie ets Benhams (near) 
Bunnys 50 Here coer tens ete tone cee nara ee Bigey Stone Gap... - Big Stone Gap 
Burkegy Bas: sTuciale ope te are oh stedv tere tave riers au snsie tetera Compton Bridge ...... Saltpetre Cave 
Carpenter & GOXIGW . .\ ua alkinis tte ante te RO@MokGier oo eau s ees Pembroke 
Carter,sWalterebincekss csc teeeieie creas een erences Buchananwy. eee Buchanan or Lithia 
Chil esi. < 5S.5 shee ate oe beer ee re Christiansburg .....:.. Christiansburg 
Chiless( Gi Mia os. ataas a ct pieee obeys Cae Meena ar Strasburg 22 0. sees Strasburg 
Ghorch ye Hey WW cio ohe es cee as Caen ee eee CA UIE CON re eens Craigsville 
Clifton Forge: @ys Of. si: seem che cect eh aes CHiftoms Moree... 52-4 « Clifton Forge 
Compton;.” Gr g Wes vist crtecets cietane steretete se usyeiniets Rasnoke soso sens cee Compton Bridge 
Compton Bridge Stone Corporation........ Indian HOCK ace eeiees Compton Bridge 
Coyeytson, Hh and’ Samueliae ae reece Peltoniiac.ctscccare ea oie Seven Fountains 
Cram sda iN neo craic aun Peete eterare ce rcremen mene Mossy, Creeks. 3c ees Mossy Creek 
Cregvers (Ria Ge Oe orci santa tee eke Tene Wytheville gy. 1. tte Wytheville 
Cross: &s Mays tr. or Shireisus iststets Gre. okce o's tear a cee Ha vile ROCK i. sienna HKagle Rock 
Cuteert:) Wi die saise ie icc see oe eee MAPION 205s shcce ss tenant Marion 
Davidson,’ 8. Coe ee eee ee eae Max Meadows ........ Wytheville 
Datise Co: Wii Sa ee creates olchate se ssehemoatetenctn et Bla cksbitr Ooi: one Blacksburg 
Dilton’ 6 Sons: Wie coerce « « cxckeruateress tee efaheemiace InGigne HOCK. wives sie OB hese and [ndian 
oe 
Hagia. Roak Gime: Cac ...).\ segura vo coclx eiclets es RichmOBRG Tic. <4 pus elon ste Eagle Rock 
Hureka chim eyCop ees cs cs eae osiels is ate rale aeepalee. Vicar (Switeh we... Vicar Switch 
Beller Stone. os taziss.c cic tebstete «lahe se atemerenete ROANOKG) cities ets tere Roanoke 
HMeksworth  mlmes Works a... terekereis ate ee ates STAUNTON S terse seer ete erate Staunton 
WisheadesOp., CS sta cisco ti arenes sho vasenehersy ene Strasburgee Ss canes). as Strasburg Jet. 
BT ck Wir) David (Wiriscckersictete victeieteter deter ter eruers RoOasnok @aenitee de cic re Roanoke 
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OPERATOR OFFICE QUARRY 
FOOS cer as Wats ate ecto Gea ann cig ope orareks, ans, e's abemenaos ORCODINGiareci-ce ¢16) oie) che te Ottobine 
BIG ss Go seis sae G a as wis la is a whol SHES Sometete PSUCH ANAT wr mevcncte s ctataters Buchanan (or Lithia) 
ASO CHONO UIs dm deter ane tear cies crane ete re ale i ren wae MISUCELOWIN Melee sess) ss 6 Maurertown 
oslen= [POWs yeas es a acd a a. 2 eta Bee Moshen S...ss. ea cate pei and Craigs- 

ville 

GTOVeslIM eG: CON. clic cua, lorcet arcberat emake cotekene, 6 Samah, Wel 5 Ga hoor Stephens City 
Haldeman Hi. Beers oe eee kent Pearce @HuUrchyillemen tn. al ct ele Churchville 
Hall George. Byer tues ous arcade cence clea le MASte WAOLOLd sess ccie iets Snowville 
VS UPISs Ed) MA ce crete ttet: sa hetin Here aes Cranston Stuarts7Dratt. «+... es Stuarts Draft 
Herbanghs Raberts Liew. eevee « wierstasusy sae RDU ie ora ete sini fey pentane ess Zepp 
HOR SECO AW WaT Nisa Aceh teh cts) ete sects ore aeons SAR DUE or New York, Strasburg 
Popaneads Charges cnr eis xin yls «ote « Moshy Creeks sia ce xis Mossy Creek 
HMopneck Consterucrione CO ect escheat electrics 6 Cumberlandie sa. sre Gate City 
Hugeins @iGow, He Hy: erecwies ss eletee ove ce sie s Oat Ok eG merevercntere sie cts) ols Roanoke 
IVAN NOes EOIN Cet Ont. cotrersn heels enero kere ot TL WATRHOC rst cusices) oes )e 6s Ivanhoe 
HE e9 MV EN es PA  Ueg eieea  ray ay EMEANIRS Bi a A ere aed e Mus Henss bil laesy tect. see Fishers Hill 
WANZECE RCV CLMTINTON ceewalerceie std cieleusrers eae a ase PBZ w ellie sieve. ctel cs ens letshers Tazewell 
ESR COLE RAN crit Sa chs nm es (rns me ele ar foene Riera ssh aon o's BIIdSEwaAterin) cassis os Bridgewater 
TGLTK awed OUT ARs ee ne cane SPeiehe woes te cael were at eis Wiest sNOrtOl karat acre crs West Norfolk 
NGlim@nmrd eee el EMC y create ay deo e stakes sche earete w ss 6 Vaucluse Station ...... Vaucluse Station 
BOE Ks CEl \CINNE NOE: AA Gon Concus bomone SEU Reh! Aes ee a cupatecec Staunton 
LUPXEE ORR IOP MEG KS MYO 5s B eceA ceo THEGSDUTE Siertivectststs ste e Leesburg 
IGOXIN SON a O Welle Olmereere te cieuct bee sete te eo ae RexinotCOnee. cata cere sis Lexington 
TIiMetOne Gl Men Omran. cysseetehetcickereke cies opeie, <u core Tei nVECOM acres 602s cus, abey ees Limeton 
Tain villew tim eno sir awe he cwase orecschers.0) @.cic) hs Eeinvillene ts sersce) sets 32 Linville 
Leh RV, Teese os 5 No Sh SO erro Ream ome eee EarrisOnDUrgareceti- ere Rockingham 
TOES ACKES LONG CO ta ctenatetarecne)s sie eters 15 ie ai orto PAVMICH DUG ere cers yet ane Lynchburg 
ony dalewl rona@ ores seectetets stake ts ees. 5 on gdalemrnt cies sorter Longdale 
HOWMOOre rouse COs OLeVITeiInia. ts. ces « LO WIOOIT ters tore) acts os Lowmoor 
Urs Veli C2 COc. cashmere cerns 6 6s ales ae aes IDITIER otek al eto PA IEG Luray 
ECC OY season VN ie eh mettre tajs, dig la a's, 470° 5 «awit DSDIINZWOO0d! sec s6ism 2 ts Springwood 
MECC NGOS C Ort Petes eta ehiaanad ols slo aiceane HOAMOKGE ast st wees e Roanoke 
BE CIiWweer Gath errsnsicrctc ce cheloeiers steals aia 3,0 es eheaee TODD tors ears toe tec sk ey) <faeut Zepp 
IMC TCT Vin Abas Grctcede sete Gre eevee cricrevgh eve 0) eerers PALCKCUS Ma sts. 'epsie cas be os Luckets 
NEA icone Ce ete cie. © soe teacie lel i ai weiss Sele ts othe HVOATIOKE’ hc c's wtelota's she. ts Roanoke 
Mathew secur tise ©COmelNGuepersta tc clher eee Clit tonmit Ore euerayt: Clifton Forge 
aN, eg TA SE our ras let ae Ra Pe Oe er A a MAZE W CLL OF hoc tieteta ets ee Tazewell 
WGN CE? DDG ene tween ine oe eens cata cae Bridgewater .......... Bridgewater 
MOOT GML INGs KOO ere wale uccioPe ais <2 uit trace Pky aes RICNIIONG fs ae vinis's sale = Eagle Rock 
BEVOEOAS ANGCVIULE tics 05 ul esies Siete Ge ke RS CH rOns FOrre vir cis7 e's» Clifton Forge 
Naural Bridges Ime; Co a. sic ett sete ore nk PPE P OW i eis ctl Se tete be, sss Sherwood 
ING Wa River Lime CO cre ciate sors succetecsteictiie ec Ripple es deste ater: oe Ripplemead 
ORME Taraty Ibe Ihe se ow ade poo ke ae Mt SO1ONE rssests'ets 2 oss Mt. Solon 
Oriskany Ore & Iron Corporation.......... PronmGat@wencans ae clerk: Mt. Marble 
Orndoritse Misa seeharveue ces nearest aero OTAN OMe ster dete cout tete wie Oranda 
Ovlere GeO ge Vicwreeria ci eke cress crancncctes tore ..Winchester ........... Winchester 
PowbDatans bamee Coe: sxtircde aie « ders Maia 6 SCTRAS DUT Crees tae ae tsse teen oe Strasburg 
PLU VEU Wome Waste costorers el atalete ee poneuth oveuel cits [odo Hiriendshipin-p. c.ascas cross Friendship 
Pulaskig(ronyComterie sitet: Ne steis laters eievare else Pualaskigectercse stots ceeverays Patterson and Ivanhoe 
Pulling Ave Comer sy cee ec martont a cpsmca ac MOUnGE SLONG Yeisen Mount Sidney 
Ra Wl yan Noe Dir cvatels es ote Seton lea cenrat pha oe GHUIrCH Vill ee ean. werent Churchville 
Rites Bros settee eet se eel oicr ate ans rotons ake Mimibervilleieene eee Timberville 
Riverton slimes Commenter heidi cknee aerne ate RivVertontcss ote csc clateeene Riverton 
RiveLeone IMCs UAL Va GO. atetemor teen er. te IKCOSDUTE 5. cincltsrel-caher sees Leesburg 


Roanoke Stone & Lime Co., Inc............ Roan OK Gwar ate eicreeesaer. Lithia 
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OPERATOR OFFICE QUARRY 
Rockbridge Lime & Stone Co.............. Bexinetonw... cee Lexington 
Rockdale Mime Corea vs cstetce wt oncienal cca stenetens TOMS MB rOOks..e. sealer Toms Brook 
Rule; Pendletomyy pew aie heh oe clctolteensl ofa aueiee ADIN SAOn ert ecneiee tors Abingdon 
Sandridge, Wee Bon geo etain wintelecre witiete alate Goshen Bridge ........ Panther Gap 
Shenandoahs Irony CoalaCo emer . Liberty Furnace ...... Liberty 
Shenandoah sLimerCor «ci si. relets) louersieter stale SULASDUI LY VICES os ctenere ie Strasburg Jct. 
Shenandoah Lime & Stone Co............. DiTasvUures 2 caus. wae eis Strasburg 
Shoop e Withers {Cou ve. wn seh eee crete SUuolke eases viet Suffolk 
Snax; Gogg Hictlecae euch ome erate ee arsine eae een etee When tield yt.%. cm ye ens Wheatfield 
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Whitesell.” De THis ciextaus erste cteie ie knots eueteee StUArtseDreatiwee eet Stuarts Draft 
Woodstock ime Gor einGawe see eee ee WOO dSTOCK een ore eee Woodstock 
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SANDSTONE. 


Sandstones and quartzites occur in each of the three larger divi- 
sions of the State, but quarrying has been limited to only a few of 
the more accessible areas. There are large areas of these rocks not 
yet developed because chiefly of their remoteness from lines of railway 
and large centers. 

The principal sandstone and quartzite formations in the State 
may be classified as follows: 

COASTAL PLAIN: 
1. Cretaceous sandstones along the “‘fall-line.” 


PIEDMONT PLATEAU: 
2. Older quartzites in crystalline area of unknown age. 
3. Newark (Triassic) sandstones. 


APPALACHIAN MOUNTAINS: 
4. Cambrian sandstones. 
5. Silurian sandstones. 
6. Devonian sandstones. 
7. Carboniferous sandstones. 
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Excepting the areas of Triassic (Newark) sandstones, the 
quartzites and sandstones found east of the Blue Ridge, in the 
Crystalline area, are of unknown age. ‘There occur an abundance 
and variety of this type of rock within the limits of the Piedmont. 
The rock has been quarried in many places, in years past, for use as 
a general constructional stone, and quarries are operated at present 
in a number of counties principally for crushed stone for road con- 
struction, ballast, and concreting. ‘The stone ordinarily is firm, hard 
and compact, highly siliceous, very durable, and is admirably adapted 
to the uses made of it. 

The Cretaceous and Triassic sandstones are practically the only 
ones which have been quarried and the stone shipped beyond the limits 
of the State. Of these, the Cretaceous sandstone, which occurs along 
the western margin of the Coastal Plain, was formerly extensively 
quarried in the vicinity of Aquia Creek and on the Rappahannock 
River near Fredericksburg. The stone from these quarries was used 
chiefly in the construction of many of the older public buildings in 
Washington. ‘These quarries were abandoned many years ago, largely, 
it is said, because of the unfitness of the stone for exposed work. 

There are seven areas of Triassic rocks, composed in part of sand- 
stone, distributed over the crystalline region east of the Blue Ridge. 
These comprise parts of twenty counties, and are designated as follows: 
(1) New York-Virginia area, (2) Richmond area, (38) Danville 
area; (4) Farmville area, (5) Scottsville area, (6) Barboursville area, 
and (7) Taylorsville area. The Triassic sandstone has been quarried 
in the vicinity of Manassas, Prince William County, and in the 
vicinity of Leesburg and Oatlands, Fauquier County. The Manassas 
quarries have yielded a stone that could be used with pleasing effects 
in a variety of combinations, and in quality not inferior to that in 
the more northern and eastern states. 

The Cambrian sandstones are chiefly limited in distribution to 
the western base of the Blue Ridge and have been quarried locally, 
especially east of Basic, Augusta County, for railroad ballast. Sand- 
stones of Silurian age have wide distribution west of the Blue Ridge, 
but they vary much in color, texture, and structure. Although possess- 
ing the essential properties in places requisite for a general construc- 
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tional stone, the Silurian sandstones have not been quarried except for 
immediate local needs. The Oriskany sandstone of Devonian age 1s 
generally too friable to make a good building stone. 

The Carboniferous comprises the greatest total thickness of sand- 
stones of any single geologic system in the State. The rocks belonging 
to this system are limited in distribution to certain parts of the region 
west of the Blue Ridge, and are in part Mississippian and in part 
Pennsylvanian in age. The Carboniferous sandstones possess those 
qualities in some localities which make them desirable for building 
purposes, but as yet they have seldom been quarried, owing largely to 
a lack of demand for the stone and ample transportation facilities. 
They have been quarried in places in southwest Virginia for local use 
as a building stone and for heavy masonry. 

The production of sandstone in the State is slight, and it varies 
greatly according to the local demands. The value of the annual pro- 
duction of sandstone from 1900 to 1910, inclusive, is shown in the 
accompanying table. 


Value of Sandstone production in Virginia, 1900-1910. 














| 

Year Value 
LOOO Eos oie oe eee mi a cc ae $ 6,000 
TOOT Sie Je i ran ee Se: as ote re en ee . 
190 Dc ee chet, a Ea eee ee 2,500 
1008 042 oes eee Ea eee 4,471 
190A. Poe ee vag i ee ee ba 
| 8. 1) a Se A Re tel TAL Nate PE gs ek ges Ow 2,000 
LOOG foc ee eek ce oe ee ee 5,100 
1908s oc re A es Sa eee (a) 
1908. 2 Were tea e cs ude ee ee 2,600 
P09 fe Oe os Ue ee ee eee 28,574 
TOLO hsdter. 2chans ane = Uren see a eee ees 25,080 











aSmall value included with West Virginia. 


LIST OF SANDSTONE OPERATORS 


OPERATOR OFFICE QUARRY 
Gaithers* Construction: © On... .1-4.2 cite rere Mana SSAS Son. cere cre ae Nokesville 
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Mathews. Curris:Co. 0G. ce ens aniesierar cine OULTON RN OLree eee cae c Basie City 
Peak Creek Sandstone Co. .6. 5... 25.50.08 Pulaski’ 2% eae. tts Pulaski 
Portner, Broway Stone. Cow. sckeree si oe. ome cite MAM SSG AS igo ote Piers fare lars Manassas 
Wardenr Ge h ailley iris acticin cee ee Pulaskivy. ae reese Pulaski 


Wiood ; WEE TR ee |. SF aS Peet Seah et ee es Lynchburg Pa. a. oe ee Lynchburg 
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SLATE. 


Slate suitable for roofing and other purposes has been found in 
many localities within the limits of the State, and quarries have been 
worked in Albemarle, Amherst, Buckingham, Fauquier, and Fluvanna 
counties. ‘There are five principal slate areas and several minor belts 
in Virginia, which, named in the order of their present commercial 
importance, are: (1) The Arvonia belt in Buckingham and Fluvanna 
counties; (2) the Keswick-Esmont belt in Albemarle County; (3) 
the Snowden belt in Amherst and Bedford counties; (4) the Warren- 
ton belt in Fauquier and Culpeper counties; and (5) the Quantico 
belt in Spottsylvania, Stafford, and Prince William counties. These 
areas are being studied and mapped by the State Geological Survey 
when, upon the completion of the chemical and microscopical studies, a’ 
volume will be published for distribution. Of the slate areas worked, 
the Arvonia and Keswick-Esmont belts are commercially the most 
important at present. 

The slate produced in the Arvonia district is the most widely 
known in the South. The quarries are distributed along Hunts Creek, 
for some distance north-northeast and south-southwest of Arvonia, a 
station on the Buckingham Branch of the Chesapeake and Ohio Rail- 
way, which is the shipping point. The quarries are very extensive, the 
largest averaging about 500 feet along the cleavage, 350 feet across, 
and 350 feet deep. The bedding and cleavage of the slate are 
identical, striking N. 33° to 37° E., and dipping 70° to 90° southeast, 
with a probable average of about 85°. The slate is very dark gray in 
color, with a faint greenish hue; is of minutely granular crystalline 
texture, and very lustrous surface. According to Dale, it is slightly 
graphitic and magnetitic, does not effervesce in cold dilute hydro- 
chlorie acid, and is very sonorous. Dale gives the constituents of the 
slate in order of their abundance as muscovite and sericite, quartz, 
biotite, carbonate, graphite (or carbonaceous matter), pyrite, chlorite, 
magnetite, with accessory plagioclase, zircon, hematite, tourmaline, 
and rutile. 

Although Dale’s results on the microscopic study of the Arvonia 
slate show the presence of some carbonate, an appreciable amount of 
ferrous carbonate can not be present, for the use of these slates on 
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buildings in Richmond more than 60 years ago, and on buildings near 
the quarries for more than a century, shows no discoloration whatever. 
Strength and durability would naturally follow from the highly oe 
line character of this slate. 

The Arvonia belt of slate extends for some distance northeastward 
across the James River into Fluvanna County, and has been opened at 
several places in the vicinity of Bremo, Fork Union, and Palmyra. 
Some recent prospecting of the slate in the vicinity of Fork Union and 
Palmyra, by the Old Dominion Slate and Cement Company, gave most 
encouraging results as to quantity and quality of the slate, and it is 
expected that systematic quarrying by this company will be begun at 
an early date. 

- About 20 miles west-northwest of the Arvonia belt is the Keswick- 
Esmont slate belt. It has been prospected at several places, and 
quarries producing an excellent grade of slate are operating in the 
vicinity of Esmont. | 

The Snowden slate belt occurs on the southeast side of the Blue 
Ridge, in the vicinity of Snowden station, in the southwest part of 
Amherst County. The belt has been prospected in a number of places, 
and the Williams Bros. Slate Company has successfully operated a 
quarry about three miles north-northwest of Snowden. The slate 
strikes N. 65° E., and has quartzite southeast of it which has. been 
referred to the Cambrian. The cleavage strikes N. 45° E. and dips. 
S. 60° E., and is cut by the original bedding planes which are quite 
strongly marked at an angle of 45° and more. The slate is very dark 
gray, has a minutely granular texture, moderately smooth cleavage, but 
with little lustre. It resembles the Arvonia slate in not effervescing 
with cold dilute hydrochloric acid and in being quite sonorous, but 
differs from it in not being graphitic nor magnetitic. Arranged in 
order of abundance, the chief constituents are, according to Dale, 
muscovite (sericite), quartz, chlorite, kaolin, pyrite, carbonate, rutile, 
and carbonaceous matter. It is used exclusively for roofing and is a‘ 
superior slate, though less crystalline than the Arvonia slate. | 

In Fauquier and Culpeper counties, slate outcrops are traceable 
to the north and south of the Rappahannock River in ‘the vicinity of 
White Sulphur springs. The slate outcrops about one mile south of the 
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springs, and is traced northward for a distance of two miles, with a 
minimum width of half a mile. The strike of the cleavage over most of 
the belt is N. 25° to 30° E., with a change in strike to an east- 
westward direction about three-quarters of a mile south of the springs. 
The slate is black, of moderately fine texture, and has but little lustre. 
It is very carbonaceous, shows much pyrite in places, contains no 
magnetite, does not effervesce with cold dilute hydrochloric acid, and 
has an argillaceous odor. In the northeasterly opening, Dale gives the 
chief constituents of the slate, arranged in the order of abundance, as 
carbonaceous matter, quartz, muscovite, feldspar, pyrite, and chlorite. 

Investigations of this belt by the State Geological Survey indicate 
that pyrite is not present in harmful quantity in all parts of the belt, 
but that important commercial slate is found, and was quarried on a 
small scale from a number of openings many years ago, and used 
locally for roofing purposes. 

In Prince William, Stafford, and Spottsylvania counties is one 
of the most extensive belts of slate in the State. This has been named 
the Quantico belt by Darton, from the creek by that name. No develop- 
ments have been made on this belt, and it is not known whether it 
contains slate of commercial grade or not, but it is being carefully 
investigated by the State Geological Survey. 

The total production of slate in Virginia during 1909 amounted to 
40,880 squares, valued at $180,775, as against 41,678 squares, valued 
at $194,356 in 1908, a decrease of 798 squares in quantity and $13,581 
in value. The 1910 production amounted to 31,787 squares, valued at 
$148,721. These figures when compared with the 1909 production 
represent a decrease of 9,093 squares in quantity and $32,054 in value. 
In 1910, there were seven producers of slate operating in two counties, 
namely, Albemarle and Buckingham, with the principal part of the 
production from Buckingham County. The amount and value of the 
annual production from 1903 to 1910, inclusive, are given in the 
accompanying table: 
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Production of Slate in Virginia, 1903-1910. 


























Roofing Slate Average Price 
te 

ac Number of Squares Value Per Square 
1908 See vanten. « maaan ed 29,646 $115,356 | $3.89 
LUA FAS ee Mean en 31,852 130,208 | 4.08 
A906 ottien. oslakceek eee 36,102 146,786 4.07 
L0G Fee ae cre oe 39,068 172,857 4.42 
LOO ree es eee Oi Lie 173,670 | 4.68 
LOOSE vided te eect ea ehy 41,678 194,356 4.66 
TE09 i oiae Brora 40,880 | 180,775 | 4.42 
PLO IO ees oe 31,787 148,721 | 4.68 





The number of squares, as given in the above table, includes both 
first and second qualities, and the average price per square does not 
give a fair indication of the prices obtained for most of the stock. 
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OPPRATOR OFFICH QUARRY 
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Richmond Slate’ Co. ined (eee eee eis RICHNIONG Hokie esice see Aryonia 
Standard, slate. Corporatione nse nee oe FISMON GY. occ ce meetede ete cae Esmont 
Victory Buckineham SlatevCon ae ee Penlan Sc. nae oe oases Penlan 
VirginiarSlate Co:, INCAS. ue. cust e eee Arvonia or Farmville. .Arvonia 
WilliamssBrose Slate, Coe err eee ice arte STO OKO ok CAMO ee Snowden 
Williams Slave: Cow. é. Seek worter ee ce crete sae APRONS Ore een ecchste eae) e Aryonia 


CRUSHED STONE. 


The state-wide interest in good roads construction and improve- 
ment, and in the building of new lines of railway in Virginia during 
the past year, have greatly increased the demand for crushed stone. 
This material is used exclusively for road-making, railroad ballast, and 
concrete. The value of the production of crushed stone in Virginia in 
1909 was $470,897 and in 1910, $474,430, as compared with 
$298.614 in 1908. 
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Road Materials—The road-building materials of Virginia are 
abundant and vary greatly in character. Nearly all varieties of stone 
used in highway construction are found in quantity in many sections 
of the State. The question of transportation is so important a factor 
that usually the best materials for road making can not be used in 
areas far removed from the sources of supply. 

In Western Virginia—the Mountain province west of the Blue 
Ridge—limestones, sandstones, and shales are the principal rocks. Of 
these, limestone is the best suited for road making. It is found in 
quantity over most of the region, is easily worked, has good cementing 
or binding quality, but does not possess the durability of the igneous 
rocks when used as road metal. 

In Middle Virginia—the crystalline area or Piedmont Plateau— 
the rocks are largely crystalline metamorphic igneous and sedimentary 
types. These comprise granite, gneiss, schist, and the basic igneous 
types commonly known as trap, with local areas of slates, limestones, 
und quartzites. Of these, and in fact of all rocks, the basic igneous 
types, known as trap, make the best road metal. These rocks are tough 
and difficult to work, possess a high cementing value, great resistance 
to wear, and afford a valuable and permanent road metal. These rocks 
are widely distributed, occurring in practically every county in the 
Piedmont region. 

In Eastern Virginia—the Tidewater or Coastal Plain province— 
the rocks are of comparatively recent geologic age (late Mesozoic and 
Cenozoic), and consist chiefly of unconsolidated beds of sand, gravel, 
clay, and marl, which may be locally indurated by a cement either of 
iron oxide or carbonate of lime. The gravels and marls, when properly 
used, are of value in road construction, but they afford a less permanent 
road metal than the igneous rocks. The oxide of iron and carbonate 
of lime act as the cementing materials. 

Ballast and Concrete.-—With the exception of the marls, the 
materials used for railroad ballast and concrete are the same as those 
employed in road construction. The requirements are somewhat 
different from those of good road metal, since little or no binding 
power is required in railroad ballast, and cementing material is added 
in concrete. 
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The value of crushed stone produced in Virginia from 1903 to 
1910, by years, is given in the table below. 


Value of Annual Production of Crushed Stone vn Virginia, 1903-1910. 









































Granite, Gneiss, Ete. Limestone 
Year $$$ $$$ |__| Total 
Road | Ballast | Concrete} Road | Ballast | Concrete | 
1903 | $81,785 | $ 17,400 | $ 60,820 |$ 300 $16,205 $ 9,238 || $185,748 
1904 12,940 61,352 165,043 210 92,011 5,668 || 277,584 
1905 Binio 69,360 166,364 a ,204 9,333 11,187 || 282,673 
1906 34,981 64,386 85,077 160 16,050 18,700 || 219,854 
1907 59,937 50,804 167,960 | 37,000 12,269 32,826 || 360,296 
1908 21,670 92,895 81,745 | 30,159 45,541 26,604 298,614 
1909 74,054 125,704 147,112 | 31,076 84,883 8,068 ! 470,897 
1910 40,691 | 111,811 156,894 | 20,056 | 108,129 36,849 | 474,430 
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FURNACE FLUX. 


Limestone, used in smelting operations for flux, is quarried and’ 
shipped to the numerous blast furnaces in the State. The utilization 
of limestone as flux constitutes the largest consumption of the Virginia 
stone. Each of the principal limestone horizons in western Virginia 
supplies some stone as flux to the iron furnaces, but the Cambro- 
Ordovician and Lewistown (Helderbergian) limestones are the 
principal sources of stone for this purpose. Of the total production of 
limestone in the State in 1909, 62.29 per cent was sold as flux and 
utilized in the blast furnaces, and in 1910, 62.44 per cent was sold for 
the same purposes. ‘Table on page 80 shows the total value of the 
limestone production in Virginia for all uses in 1909 to be $342,656, 
of which $213,444 was the total value of limestone used as flux. The 
1910 production of limestone was valued at $471,903, of which $294,668 
worth was used as flux. | 

There are given in the table below the annual production and 
value of limestone as furnace flux in Virginia from 1902 to 1910, 
inclusive. 
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Production of Furnace Flux in Virginia, 1902-1910, wm long tons. 

















Year Quantity Value 
Deter ots HE SS IS EL ed 565,704 $ 220,001 
LOOT eee ee Scat cts ae ee ees 499,108 199,989 
NORPRO Ee cee rte et te Se tes 273,826 117,882 
eb oni, aoa ts ee rere SEES 393,662 186,676 
LUN ee ee Pe ORE Ce Si te inet 467,341 219,707 
BOD Tee aT ae A EE eS 541,610 275,517 
UE Date ach AiR tae gh ok rie kp SOs 290,487 169,847 
PS See ee ee ONT oes tees 388,746 213,444 
BOLL ae aes CASE he. Smear ge 540,264 284,668 





ABRASIVE MATERIALS. 
Under this head are included corundum, emery, and millstones, 
but in 1909 and 1910 the only abrasive material produced was mill- 
stones, which were quarried in Montgomery County. 


Corundum and Emery. 

The occurrence of corundum and emery has been noted in Virginia, 
but neither has been produced on a commercial scale. 

Corundum.—The principal occurrence of corundum is in Patrick 
County, about two miles from Stuart, where it occurs on a knob of 
Bull Mountain, in mica schists. It is a grayish-white to white and 
colorless and, according to Pratt, is readily cleaned. Tests made for 
the cleaned product at this locality show that the corundum is well 
adapted to the manufacture of the vitrified wheel. 

Emery.—Emery, a granular corundum of black or grayish-black 
color and containing magnetite or hematite intimately mixed, is found 
in considerable quantity a short distance west of Whittles in Pittsyl- 
vania County. Two openings about 300 feet apart and 20 feet deep 
have been made on apparently parallel “veins.”” Numerous smaller 
openings have been made near by. The rocks inclosing the emery are 
probably altered amphibolites or pyroxenites. 


Millstones (Buhrstones). 
Under this name is included a siliceous conglomerate of quite 
variable structure, used in the form of flat-circular disks for grinding 
purposes. 
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About five miles west of Blacksburg, in the vicinity of Prices 
Fork, Montgomery County, a sandstone-conglomerate occurs in Brush 
Mountain, in which quarries have been opened for a distance of three 
miles. The rock is somewhat variable in color, but is usually of some 
light shade, white or gray. Likewise variation in the size of the pebble 
is shown. ‘The rock is made up of well-rounded pebbles of quartz 
compactly imbedded in a fine siliceous sandstone matrix, the whole 
forming an exceedingly tough and hard mass. This rock is known on 
the market as “Brush Mountain” stone. Practically the same variation 
in the sizes of stone made at the different quarries obtains. The sizes 
of stone produced in 1910 as reported to the State Survey office were, 
12, 14, 16, 20, 24, 26, 30, 36, 42, 48, and 54 inches. 

The grindstones made from this rock are of excellent quality and 
find a ready market. ‘The geologic age of the “Brush Mountain” stone 
is Mississippian (Lower Carboniferous). 

Similar siliceous conglomerates occur in other counties of the 
State, especially in some of the counties of the Mountain province, 
but the Brush Mountain quarries, in Montgomery County, are the 
only producing ones. 

The production of millstones in Virginia during 1909 was valued 
at $12,348, as against $7,954 in 1908, an increase in value of $4,394, 
or 55.5 per cent. The value of the millstone production for 1910 
amounted to $5,273, a decrease of $7,075, or nearly 57.3 per cent in 
comparison with the figures for 1909. The value of millstones pro- 
duced in Virginia for the years 1902 to 1910, inclusive, follows below 
in tabular form. 





Value of Millstones Produced in Virgima, 1902 to 1910, inclusive. 


Year Value 

1902 ce oats ob cba cera ke Ce Laer $ 11,435 
O08 acs ee: ee eee 9,812 
LOO ss Be Las de ee ee ee ee 4,759 
LOU ash te so oo a ea ee 8,186 
1906 Shey See ee ee eee 15,611 
VLE AY PPR ies Src ieee tats BU ay tales, AES 7 ak Se 78 ee 4,684 
LOOS . We oS beh enh esc oa A eee eee 7,954 
1909 3 Fee a FE ee ee ee 12,348 
D910 ec Pee cae ee hat ais ene eee ee eee Tea R 





SILICA. 93 


LIST OF ABRASIVE OPERATORS 


OPERATOR OFFICH QUARRY 
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SILICA. 


Under this heading are included three forms of silica which have 
rather wide distribution in’the State. These are quartz, chert, and 
diatomaceous earth. 

QUARTZ. 

Quartz has wide distribution in the State. It occurs as an essen- 
tial constituent in granite, gneiss, and mica schist of the crystalline 
area; as the dominant constituent in the sandstones, quartzites, and 
conglomerates of the Piedmont and Valley regions; and in the 
form of sand over parts of each of the larger geologic divisions of the 
State. A principal occurrence of quartz in Virginia, that is of com- 
mercial value, is in the form of pegmatite dikes and quartz veins 
penetrating the older metamorphic rocks of the Piedmont region. 

There was no reported production of quartz in 1909 and 1910. 


CHERT. 

Chert, known also as hornstone, a term applied to any impure flinty 

rock, including the jaspers, is a chalcedonic variety of silica. Chert 

has wide distribution in certain beds of the Shenandoah or Valley 

limestone of the Valley region, in the form of irregular nodular 

masses of light nearly white, red, brown, and black colors. No special 
use has yet been made of the Virginia chert. 


DIATOMACEOUS EARTH. 
Diatomaceous earth, known in the trade under the name of “silica,” 
“infusorial earth,” or “‘tripoli,” is composed of minute shells or tests 
of microscopic plants known as diatoms. It was first reported from 
the vicinity of Richmond, Virginia, and for that reason received the 
name of “Richmond earth,” under which term it is sometimes referred 
to in the literature. Because of its occurrence at Bermuda Hundred, 
on the James River, it has also been called ““Bermuda earth.” 
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The first bed of diatomaceous earth of any extent discovered in 
this country was in the Richmond area. It is known as the Richmond 
bed, which extends from Herring Bay on the Chesapeake, Maryland, 
to Petersburg, Virginia, and probably beyond. It is not less than 30 
feet in thickness in places, though very impure at times. It is of 
Miocene age, and is exposed along the numerous streams close to their 
crossings from the crystalline rocks on to the sediments of the Coastal 
Plain. 

The diatomaceous earth has been dug from time to time in the 
vicinity of Richmond for commercial use. There has been no reported 
production of this material in Virginia for several years. 


MICA. 


Commercial mica, which includes the varieties known as muscovite 
and phlogopite, usually occurs in pegmatite dikes penetrating granites, 
gneisses, and schists. The pegmatites usually consist of a coarse 
crystallization of quartz and feldspar in varying proportions, with or 
without mica, and other accessory minerals. They vary in thickness 
from a few inches to several hundred feet, are often irregular in out- 
line, and may be parallel to or break across the schistosity of the 
inclosing rocks. In small veins the mica is frequently too small in 
size to have commercial value. Both the quartz and the feldspar of 
the pegmatites are of value, and are sometimes mined with the mica 
and utilized in the manufacture of pottery and for abrasives. 

Pegmatites containing commercial mica are somewhat abundantly 
developed in many of the Virginia Piedmont counties, and many ex- 
cellent surface indications for mica occur, but as yet prospecting and 
mining have been confined to only a few of them. Mica has been either 
prospected or mined in the following counties in Virginia: Near 
Amelia and Jetersville, Amelia County; near New London and at 
Lowry, Bedford County; Goochland County; near Chatham, Pittsyl- 
vania County; near Axton and at Ridgeway, Henry County; near 
Hewlitts, Hanover County; near Farmville and at Prospect, Prince 
Edward County; Amherst and Charlotte counties. Indications of 
mica occur also in Buckingham, Caroline, Cumberland, Franklin, 
Powhatan, and Spottsylvania counties. 
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The mica of the Amelia County district occurs in pegmatites 
cutting a thinly foliated, biotite gneiss, which, in places, shows a 
distinct “‘augen’”’ texture. The proportion of mica, quartz, and feld- 
spar in the pegmatites is quite variable. The feldspar varieties include 
orthoclase, microcline, and albite. A considerable number of accessory 
rare minerals have been found in the Amelia pegmatites, and some of 
them have been used for gems. More than a half dozen mines have 
been opened in the county, but the Pinchbeck and Schlegal mines are 
the only ones that have been worked for mica in recent years. 

The mines owned by the Hanover Mica Company, near Hewlitt, in 
Hanover County, were the first mines worked for mica in Virginia. 
These were first. worked from 1867 to 1870 by Barr, Johnson and 
Company, of Erie, Pennsylvania, with a production of more than 
60,000 pounds of clipped stove mica. Regular mining has not been 
engaged in within recent years, although about 1,000 pounds of rough 
mica of excellent grade and clear white color were worked from the 
mines during the fall of 1907. Some of this was reported to be about 
18 by 33 inches in size. 

The Pittsburg Mica Company’s mine at Ridgeway, Henry County, 
was developed by an open cut about 100 feet long and 40 feet deep, 
and much cross-cut work. The plant completed at the mine in 1907 
was destroyed by fire in 1908, which greatly curtailed the production 
of mica by the company for that year. 

The production of mica in Virginia during 1909 was 7,833 pounds 
of sheet mica and 75 tons of scrap, with a total valuation of $4,600, 
and was obtained from three producers. There was no production of 
mica reported in 1910. 


LIST OF MICA OPERATORS 


OPERATOR OFFICH MIND 
American Asbestos Co........-.eeeeeeees Terre Haute, Ind...... Bedford City 
Pen 0a Rip aioe p= Ge Chee ea oe eee ee CHa tha m Bieperctetstey estes: Chatham 
MEOTAOM a Wee ereteetare ec Scbanetthale's nln haze ois ats Waymart,- Pa s.-..000.. Amelia 
WOTTON Mil COCO. b WG eke: cae etened sta epee needed tek one E. Stroudsburg, Pa....Amelia 
Hamer” Mica iGo eek 2. + wile sie] vidate BS, 010 ELOW LOCC ic: wrote, os <1 ine Hewlett 
Henry Mica’ Corporation...........+.s00. Columbus, Ohio ...... Martinsville 
Mecklenburg Mica & Mining Co............ POCCTRDUPS oy ks sa aes Petersburg 
EEO MEMI ee LC ae MIT CSice ete creel larsuct-telcr suet crs) Hindlav-sOnlOmuc. Bedford City 
PRLLereOling d MRLs eek desis ace eee ine sas om 4 8 Washington, DD: -C....72> Amelia County 
Pinchbeck: Mica Mines. 2.2256. 2 cs. wie ee ee « CHOIR fa daw seins eo Re Amelia Courthouse 
Roanoke Mica VIniIN SACO a yateteretes cheroten tit ors Francisco, N.i Cs. i eae Roanoke 


WaAttonvee MONTAING 3. 2s ..- cele cleo cists G) siskel ote ASR COM a oraca soa ccc ae Martinsville 
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FELDSPAR. 


The feldspar group includes a number of mineral species which 
chemically are silicates of aluminum with varying amounts of lime, 
and the alkalies, potash and soda. Of the nine known species of 
feldspar only a few are of commercial value, the principal ones being 
the potash varieties, orthoclase and microcline, and the soda variety, 
albite. Orthoclase or microcline, or an intergrowth of these two, are 
the species most commonly used by potters in this country. The potash 
feldspars are frequently associated with small quantities of the soda 
feldspar, albite, which occurs either as separate crystals or intergrown 
with the orthoclase or microcline. 

Commercial feldspar usually occurs associated with quartz and 
mica as coarse crystallizations in pegmatite dikes, cutting granites, 
gneisses, and crystalline schists. Pegmatites are rocks usually of 
extreme coarseness and of irregular texture and composition. Dikes of 
pegmatite containing feldspar as an important constituent are quite 
widely distributed throughout the Virginia Piedmont region, hardly a 
county within the region being without them. Notwithstanding the 
abundance of these dikes in the Virginia Piedmont province, many of 
which contain commercial feldspar, the attempts to mine the mineral 
are comparatively few, and as yet the production is small and variable. 
Feldspar has been mined in Amelia, Bedford, Hanover, Henry, and 
Prince Edward counties. In a majority of these counties feldspar has 
been mined with the associated mica of the pegmatites. 

In order to avoid disclosing individual figures, the production of 
feldspar in Virginia for the years 1909 and 1910 is combined with 
that of another subject. 


LIST OF FELDSPAR OPERATORS 


OPERATOR OFFICE MINE 
Bedford: Spars Gos sais aise cieterehets oral hetero ote Roanokey.s5 watwesiese en Bells 
Dominion State Mines Corporation........ Warm ville. Gasca nciam nls Prospect 
Patterson,:0. Murrell. 2.25566 sivas sass Washington, D.’C..... Amelia County 
Pinchbeck Wael. «ciseie reese cheeeseateioncpememons Chula eer. sae nete Amelia 


Schlépal ¢ de ough > os do ee teem aie nine ee JCCErsville® ee carers « Jetersville 
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ASBESTOS. 


Prior to 1907, Virginia was a producer of asbestos for a number 
of years. No production has been reported during the last four years. 
The mineral has been noted in a number of the Piedmont counties, 
and it has been mined in Amelia, Bedford, and Franklin, principally 
the two latter. The mines have been inactive since 1906 and the mill 
at Bedford City for fiberizing the asbestos is closed, though there is a 
probability that it will be in operation again in the near future. 

In Bedford County, the mines of the American Asbestos Company 
are located near Chestnutfork post-office, about 12 miles south of 
Bedford City, on the Hubbard farms. According to Diller*, the 
asbestos rock is of two types. ‘The first type is like that of Sall 
Mountain, Georgia, and is composed essentially of fibrous amphibole, 
the fibers of which are arranged in groups or bundles lying in all 
directions, and is derived from pyroxenite. The other type is a 
peridotite composed chiefly of granular olivine, with numerous acicular 
crystals and fibrous bundles of anthophyllite. Diller” states that this 
type is cut by a few small veins of cross-fiber anthophyllite, one-eighth 
to three-quarters of an inch in length. The fiber is flexible, somewhat: 
elastic, has numerous cross fractures, and is relatively short and brittle. 
The asbestos mined occurs as vein-like masses of slip fiber, lying parallel 
to the plane of slipping, which cut the rock as occasional planes of 
shearing. ‘These masses are very irregular, locally 18 inches thick,. 
and along the strike have a length of about 30 feet. 

In Franklin County, a small amount of asbestos was recently mined! 
from a 40-foot shaft a short distance east of Rocky Mount. The 
asbestos-bearing rock® is amphibolite, which locally contains some 
olivine, and is much altered to chlorite and serpentine. The asbestos: 
is found in a vein which lies parallel to the schistosity of the inclosing 
amphibolite, with strike S. 50° E. and steep dip to the northeast. The 
principal constituent is probably tremolite. 


aDiller, J. S. Mineral Resources of the United States, Part II, Nonmetallic 
Products, 1907, p. 718. 

bIbid., pp. 718-719. 

cIbid., p. 719. 
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LIST OF ASBESTOS OPERATORS 


OPERATOR OFFICE MINE 
American -ASbestos | Comms. sl ceceie Sue eee Terre Haute, Inds. a. Chestnutfork 
Heermance,*H))) Van SNesstrier ae cert ierere NeW ork. pie or ist. Rocky Mount 
Hubbard, i HAG nt. erie er ctets steele ere oe eee eetene Body Campes.t. octal Body Camp 
Pine Mountain Mica & Asbestos Co........ Richmond® "cs sohvue ater eta ects aed aa 
Smithers; (Woe csectccea yee ie eemre che RockvyeMoun te. orate rate Rocky Mount 


TALC AND SOAPSTONE. 


Virginia is by far the most important state in the United States 
in the production of soapstone, which has wide distribution over the 
Piedmont region. It has been noted in the following counties: Albe- 
marle, Amelia, Amherst, Bedford, Buckingham, Campbell, Carroll, 
Charlotte, Fairfax, Floyd, Fluvanna, Franklin, Grayson, Henry, 
Louisa, Nelson, Patrick, and Stafford. Many of the deposits are of 
excellent grade, and the stone has been quarried on a commercial scale 
in at least six of the above-named counties; but practically the entire 
production in Virginia at present comes from the Nelson-Albemarle 
counties belt. 

In Fluvanna and Buckingham counties, soapstone was quarried 
many years ago on a small scale near the mouth of Hardware Creek, 
and the product used locally for hearths, jambs, and other parts about 
chimneys. It has also been made use of further east in the southern 
part of Fluvanna County, at Bremo, and a good grade of it occurs at 
several localities in the vicinity of Palmyra. 

In Albemarle County, a little west of Green Mountain, is a belt 
of soapstone associated with quartzites and micaceous schists, which 
is traced southwestward through Nelson into Campbell, Bedford, and 
Franklin counties. The belt widens in Nelson County and is associated 
with some serpentine. It passes thence as a narrow belt along the 
western base of Buffalo Ridge, in Amherst County, crossing the James 
River above Lynchburg, and is exposed about two miles west of the 
city on the road leading to Bedford City, and is exposed again two 
and a half miles west of New London in Bedford County. Continuing 
in the same direction, the stone is seen again at the meadows of Goose 
Creek, where it has been quarried to some extent. Continuing still 
further westward, it 1s exposed in several nearly parallel belts, of which 
the most eastern makes its appearance near Pig River in Franklin 
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County. A second belt occurs in the same vicinity near the eastern 
base of Jack’s Mountain; a third still further west about one mile 
from Rocky Mount; and a fourth yet more to the west on the eastern 
slope of Grassy Hill. The stone has been quarried in a small way at 
several places in Franklin County, near Rocky Mount, and used strictly 
for local purposes. Extensive quarrying operations are in force in the 
Albemarle-Nelson counties’ portion of the belt, which is described 
below. 

In Amelia County, south of Chula, and about four miles from 
Amelia, soapstone of good quality was quarried quite extensively many 
years ago. A second more extensive area of soapstone of excellent 
quality occurs on the north side of Flat Creek, about four and a half 
miles north of Jetersville. On the headwaters of Walnut Creek, a 
tributary to Flat Creek, soapstone has been quarried to some extent. 
Quarrying was begun in 1904, and during the summer of 1906 
numerous other smaller openings were made nearby. This property is 
controlled by the Tip Top Soapstone Company, and much preliminary 
work was in progress during 1908 preparatory to systematic quarry- 
ing in 1909. 

In Louisa County, soapstone of good quality is reported to have 
been quarried near Oakland and Trevilians. 

In Fairfax County, soapstone occurs two miles east of Annandale, 
one mile east of Tenley, and east of Falls Church. In each of these 
localities, the soapstone occurs as lenticular bodies closely associated 
with basic eruptive rocks, and were probably derived from peridotite 
and pyroxenite. All of these bodies have been worked to some extent, 
and in the Annandale area much stone has been quarried and sawed. 
The stone is of good quality, even-grained, and of uniform light bluish- 
green color, without seams and schistose planes developed in it. Small 
quarries of soapstone are operated in Fairfax County, near Clifton 
and Wiehle. At the former, soapstone is ground, but at Wiehle it is 
sold in the crude state just as it is taken from the quarry. 

In Henry County, near Spencer’s store, quarries of soapstone 
were opened some years ago. The material was of excellent quality, 
and blocks of any required dimensions were reported to have been 
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quarried. These were sawn out and then finished by planing. ‘They 
were used in the foundations of houses and for other purposes. 

In Albemarle and Nelson counties, the soapstone belt is a short 
distance west of Green Mountain, and, to the east, near and approxi- 
mately parallel to, Hawkins, Finley, Ball, and Appleberry mountains. 
It has a general northeast-southwest direction, and is three to five miles 
southeast of the main line of the Southern Railway, which it roughly 
parallels. Quarries have been opened on the belt at numerous points 
for a distance of nearly 30 miles. Several of the most extensively 
worked quarries have reached depths of more than 120 feet. The ~ 
larger quarries are well equipped with all necessary modern machinery 
for getting out the stone, including channeling machines for quarrying 
the rock, and at each quarry is a mill for sawing, dressing, rubbing, 
and polishing the stone, and other machines for grooving and drilling 
holes. The excellent quality of this stone adapts it to a wide range of 
uses, the principal ones including laundry tubs, sanitary purposes, 
electrical purposes, sinks, and cooking utensils. 

In Stafford County, soapstone of good quality. occurs near Garri- 
sonville. 

The production of tale and soapstone in Virginia during 1909 
showed a marked increase over that of 1908. The figures were 26,511 
short tons, valued at $523,942, as compared with 19,616 short tons, 
valued at $458,252 in 1908, an increase in quantity of 6,895 tons, 
and in value of $65,690, or 14.3 per cent. The 1909 production was 
obtained from 11 producers, operating in five counties, namely, Nelson, 
Fairfax, Albemarle, Amelia, and Campbell. Only a small proportion 
of the total quantity of tale and soapstone quarried in Virginia is sold 
in the crude state. The tale and soapstone production is classified in 
the following four groups: Rough or crude, sawed into slabs, manu- 
factured articles, and ground. 

The production of tale and soapstone in Virginia during 1910 
amounted to 25,908 short tons, valued at $510,781, as compared with 
26,511 short tons, valued at $523,942 in 1909. These figures represent 
a decrease in quantity of 603 tons, and in value of $13,161, or 2.5. 
per cent. The 1910 production was obtained from 9 producers operat- 
ing in four counties, as against 11 producers operating in five counties. 
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during 1909. Although there was a decline in the total production, 
practically half of the quarries operating increased in production. 
The 1910 production was from the four following counties: Albe- 
marle, Campbell, Fairfax, and Nelson. Of the total production, 1,388 
tons were sold as crude talc, and 2,502 tons were sold in the form of 
slabs. More than 82 per cent of the production was sold as manu- 
factured, products, chiefly as laundry tubs. 

In the following table are given the quantity and value of tale 
and soapstone produced in Virginia during the years 1909 and 1910, 
according to the condition in which it was marketed. 


Production of Tale and Soapstone in Virginia during 1909 and 1910, 
according to varieties. 




















1909 1910 
Quantity — Quantity 
Shorttons Value Short tons Value 
edie Mee age noe ae 2,150 | $ 9,450 2,108 $ 8,364 
Sawed into slabs......... 2,868 | 58,859 2,502 47,542 
Manufactured articles? .. 21,493 | 460,633 21,298 454,875 
PEO Ue semen nee 26,511 | $528,942 | 25,908 $510,781 





aFor paint, paper filling, complexion powders, lubricants, etc. 
bIncludes washtubs, laboratory or kitchen sinks, stove bricks, griddles or other 
mill stock. 


There is given in the table below the yearly production of tale 
and soapstone in Virginia from 1905 to 1910, inclusive: 


Production of Tale and Soapstone in Virginia, 1905-1910, in 
short tons. 




















| 
Year Quantity ' | Value 

aan a 
Pay ence en ae 17,665 | $425,090 
Ts Ca eA a a 23,624 | 590,800 
IER ion A 2 RN ene 26,278 | 631,880 
COS eee Meee ee 19,616 | 458,252 
LOD bei eae Niaics «Kote date 26,511 | 523,942 
IETS Seah aR a era pets 25,908 | 510,781 
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LIST OF TALC AND SOAPSTONE OPERATORS 


OPERATOR OFFICE QUARRY 
Austin: Run ‘Mining? Cot cats seis. suite es Philadelphiay Pa sa . Garrisonville 
Bull Run Tale & Soapstone Cor... wae. CHLOE Ga clOlemiere tetas Clifton Station 
Climax=Soapstones Comme astern aerate New York, N. Y., or Elmington 

Hlmington 

Cuthbert Land & Development Co......... Walelileweicme: arstetesccmeteccee Wiehle 
Hureka.: Soapstone’ Com nes rere sts c's re te cicters SHIPMAN sce ste se obtener Shipman 
HNairtax Soapstone. Cosas. .taks een enoe tie Wiehe Bai... opapene iereran tye Wiehle 
Gilmore, “We se) cts weve Sie ns Seka eteieiete a eereereete ee ISQUISS eek hecs, oboe eee Louisa 
Hester Estate, B. H., W. S. Buchanan, 

MEPS ois 3 sie hpelsctts hele Slee ee ie ee TNTEVillans a. ctelmomcite ore i Trevilians 
Hutehinson, eee Bee: vaca ee ere rte Washington, De 7Cyl... Shipman 
National Soapstone: Co.» a. .w wale ae ake eee New LODK peN sy. Siverec Wiehle 
Old Dominion Soapstone Corporation....... JO peavahol Aeses. & aor a ocncoe & Damon 
OttereRivers Stone. Co ase eeere etree ree Bramwell, W. Va. ..... Lynch Station 
Phoenix s SoapstonemCozntee ere teenie News. ork Nem yee.) Arrington 
Piedmont Soapstone: Co. eee ett ieee Boston; Mass sae ses Asbestine 
Pinkerton, Wa GAL eretonete wie ets oct iataters Rhee A IDGTETC Ts haters enereer ere! s Alberene 
Tip, LopeSoapstone sors eee Philadelphia, Pa .....Jetersville 
Virginia@SoxpstonGm@o ws, ae cee ee SCHUM s Aieterotarecenet tote Alberene and Schuyler 

BARYTES. 


Barytes has been mined for many years in various parts of the 
State. It occurs in many counties, but the industry has been confined 
to only a few of them. The counties in which it is found are: (1) 
those east of the Blue Ridge in the crystalline area, and include 
Amherst, Bedford, Buckingham, Campbell, Fauquier, Louisa, Nelson, 
Orange, and Prince William; and (2) those counties west of the Blue 
Ridge, and comprise Bland, Botetourt, Frederick, Montgomery, Rock- 
bridge, Russell, Scott, Smyth, Tazewell, Warren, Washington, and 
Wythe. Of these, Bedford, Campbell, Pittsylvania, and Prince 
William counties, of the Piedmont province, and Russell, Smyth, and 
Tazewell counties, of the Mountain province, have practically yielded 
the entire production of the State. 

Geologically, the barytes deposits found in the Piedmont region 
are associated either with the crystalline metamorphic rocks (lime- 
stone, chiefly) of probable Cambrian age, or with the Triassic red 
shale-sandstone series, and those of the Mountain region are usually 
associated with the Shenandoah limestone of Cambro-Ordovician age 
or its residual decay. 

In the Triassic area of Prince William County, barytes mined 
about four miles south of east from Catlett is associated with red 
shale and impure limestone, usually filling fractures of variable width 
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in the red shale, and in thin, tabular, cleavable masses in the lime- 
stone. During 1908, deposits of barytes of good quality and in 
quantity are reported to have been opened in the vicinity of Bealton, 
Fauquier County. 

In the crystalline area, the principal production of barytes has 
been from Campbell, Bedford, Louisa, and Pittsylvania counties. The 
Campbell-Pittsylvania counties area is traced for a distance of about 
50 miles southwestward, beginning in the middle western portion of 
Campbell County, several miles east of Evington, and about 15 miles 
south of Lynchburg to three or more miles south of Sandy Level, in the 
northwestern part of Pittsylvania County. The most extensively 
worked deposits in this area are grouped about two centers, Evington, 
in Campbell County, at the northeast, and Toshes and Sandy Level, in 
Pittsylvania County, at the southwest extremity of the area. 

The barytes in the extreme northwest corner of Pittsylvania County 
has been more extensively worked than in any other part of the belt. 
It has been developed by a large number of mines, grouped in two 
nearly parallel belts on either side of Pig River, just south of its 
entrance into Roanoke River. 

Numerous openings have been made at different points on the belt 
between the two centers mentioned above, many of which have been 
extensively worked and have produced large quantities of excellent ore. 
The barytes occurs in the Campbell-Pittsylvania counties belt in 
intimate association with the crystalline limestone as irregular len- 
ticular bodies or pockets, which measure from 100 to 200 feet or more, 
replacing the limestone. For the depths thus far attained in mining, 
there is immediately above and below the limestone, a variable thick- 
ness of a nearly black clayey mass, usually preserving the foliation of 
the original rock from which it was derived, and colored black from 
manganese oxide. Through this black clayey mass are usually dis- 
tributed, in irregular fashion, lumps and nodules of barytes of large 
and small sizes. 

Near Thaxton, in Bedford County, barytes occurs filling a fracture 
in a foliated granite of coarse grain. About three miles south of east 
from Lindsay, in Louisa County, barytes has been mined from a 
number of test pits and several shafts. The barytes occurs in pockets 
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having a thickness of about three feet where worked, and probably 
represents a filling of an irregular fracture in the crystalline schists. 

In southwest Virginia, the barytes is found in association with 
the Shenandoah limestone or its residual decay. It fills in part, at 
least, fractures in the limestone, and in part it replaces the limestone. 
In the clay derived from the weathering of the limestone, the barytes 
is found in nodules of large and small size irregularly distributed 
through the clay. 

The production of barytes for the years 1909 and 1910, respec- 
tively, can not be published separately without disclosing individual 
figures, hence it is combined with another subject. There were two 
active producers in Virginia in 1910, and the production of refined 
barytes was reported by one mill. 

The following table gives the quantity, total value, and average 
price per ton of the barytes produced in Virginia from 1902 to 1908. 


Production of Crude Barytes in Virginia, 1902-1908, in short tons. 




















; Average price 

Year | Quantity Value per ton 
1902 oI ee oon | 12,400 | $39,700 $3.20 
19008 at ee eee | 5,700 20,400 acne 
bh 1 bye ete ee a OM 11,214 31,452 2.84 
1005 haere Pa ee 6,468 | 27,838 4.30 
LO0G eee ee ee ee | Ltio | 45,336 3.85 
LOOT i coe eae ee | 9254 | 82,833 olo0 
1008 63 .hc eee a eee 3,866 | LiatZ 4.55 
1909 5, Ses. ee eee (a) (a) | 
LOTT Pees: itr eee eee (a) | (a) 





aCombined with another subject in order to conceal figures of production, there 
being only two producers during the years 1909 and 1910. 


LIST OF BARYTES OPERATORS 


OPERATOR OFFICE MINE 
Berg> Henry. 0 rete sot dates a ete erate Verona, Pas. nc 2 scien sic Richland 
Clinch’ Valley BarytessCo vier sce ee Elona ker te os siseis tele s aac Honaker 
Langhorne, Hi) ELGae <3 6 ee oe os Ok ee Hyinetone sae. c ee eee Evington 
Marks,j Si Bas eae coke tote chen ere Lees Villers tenaese Leesville 
Nulsen, Klein & Krausse Manufacturing Co.St. Louis, Mo......... Toshes 
Pittsburg Baryta & Milling Corporation....Pittsburg, Pa......... H ees and Tazewell 
counties 
Williams :& Sony donne Der eee aie Bristol, Tenn., or New Roanoke County (?) 
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GYPSUM. 


Commercial deposits of gypsum in Virginia occur associated with 
salt in Washington and Smyth counties, in the valley of the North 
Fork of the Holston River. They are associated with rocks of 
Mississippian (Lower Carboniferous) age.’ They are limited to the 
narrow belt on the northwest side of the Saltville fault, included 
between the fault and the Carboniferous shales and sandstones of the 
basal slopes of Pine and Little Brushy mountains. So far as has 
been made out, this narrow belt is composed of the Greenbriar lime 
stone (Lower Carboniferous), and the beds of salt and gypsum. 

Gypsum of excellent quality has been mined at numerous points 
in the Valley between Plasterco and within three miles west of Chat 
ham Hill. The mines of the United States Gypsum Company at 
Plasterco, Washington County, and the Southern Gypsum Company, 
three and a half miles northeast of Saltville, Smyth County, are the 
most extensive in the valley and were the only ones that produced in 
1910. The production of gypsum in Virginia in 1909 is included 
under “Other products’ in table on page 5, in order to avoid dis- 
closing individual production, since there were only two producers. 
The 1910 production of gypsum is included under the same heading 
in table on page 6. 

An underground examination of the gypsum, in the openings at 
Plasterco, indicates the occurrence of gypsum with much admixed 
anhydrite in huge boulder masses, in gray and red clays. Both clays 
are abundant, the red being softer than the gray and is utilized to 
some extent in the manufacture of plaster. The gypsum as mined 
is ground and calcined at the milling plant located at the mines, and 
the product is used chiefly as calcined and wall plasters, and as land 
plaster. 

The Southern Gypsum Company began prospecting on its property, 
three and a half miles northeast of Saltville, in the summer of 1906. 
After nearly a year of drilling, the company demonstrated a large 
supply of gypsum and erected a mill with the capacity of 400 tons 
per day. The product of this company is put upon the market chiefly 
in the form of wall plaster and land plaster. 
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LIST OF GYPSUM OPERATORS 


OPERATOR OFFICE MIND 
Buchanan. sD agen Wem VV eee eee eee Chatham pee earns ree Chatham Hill 
Southern Gypsum Co... ne: +a eee nate North) Holstonee-. sicere North Holston 
U.58, Gypstm, Co.2 gis tu. oe eek tees CMICARO* iisele want ee be Plasterco 


aFormerly Buena Vista Plaster and Mining Co., Plasterco. 


SALT. 


Salt brines and rock salt occur in the Holston Valley of southwest 
Virginia in association with gypsum. The salt and gypsum deposits 
are confined to a narrow northeast-southwest valley of the North Fork 
of the Holston River, extending from Plasterco to within three miles 
of Chatham Hill, a distance of about 16 miles. The interbedded salt 
and gypsum shales with beds of rock salt and gypsum are regarded as 
of Mississippian (Lower Carboniferous) age. 

A shaft was sunk in 1840 which struck a bed of rock salt at a 
depth of 210 feet. A large number of wells have been bored, ranging 
in depth from 300 to 1,400 feet, the greatest depth reached being 
2,380 feet. The first borings for salt in this valley were in the old 
swampy lake-covered area near the present site of the town of Salt- 
ville. Mining of the rock salt has not been attempted, the entire salt 
product being derived from the salt brines of the wells. The entire 
salt industry at present is confined to the immediate vicinity of Salt- 
ville, and is controlled by the Mathieson Alkali Works. 

In the early history of operations and, indeed, until within recent 
years, the product marketed was salt, which for many years amounted 
to between a half million and a million bushels of salt per year. The 
Mathieson Alkali Works stopped the making of salt in 1903, and 
from that time until 1908 the brines were utilized exclusively for 
the manufacture of sodium carbonate and caustic soda. The product 
was of superior merit from the start, and, because of this fact, a large 
and growing trade has been acquired. ‘The manufacture of salt was 
again resumed in 1908 by the company, but, since there was only one 
operator, the figures of value of the production had to be combined 
with those of another subject, in order not to disclose private business. 
The same condition holds in respect to the production for the years 
1909 and 1910, hence the figures are combined with those of another 
subject. 
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MINERAL PAINTS. 

Ocher of more or less purity is found, and has been mined to some 
extent in each of the principal geologic divisions of the State, namely, 
the Coastal Plain, the Piedmont Plateau, and the Valley region. It 
has been mined at the following localities in Virginia: In the extreme 
eastern part of Chesterfield County, near Bermuda Hundred, on the 
Appomattox River; in the Little Catoctin Mountain, near Leesburg, 
in Loudoun County; near Bedford City, in Bedford County; near 
Keezletown, in Rockingham County; from the western base of the 
Southwest Massanutten Mountain, near Stanleyton, in Page County; 
and near Shenandoah Station, in Page and Rockingham counties. 

In addition to these, ocher deposits are found rather widely dis- 
tributed over the Valley and Piedmont provinces, and to some extent 
over the Coastal Plain, which have not been worked. In the Valley 
and Piedmont provinces, the ocher deposits are frequently associated 
with beds of iron ore. Deposits of ocher varying in color from red, 
yellow, and brown, and which seem particularly promising but not 
yet developed, are found in Campbell and Bedford counties; near Bon 
Air, in Chesterfied County; near Fairfield, in Rockbridge County; 
near Waynesboro, in Augusta County; and near Roaring Run, in 
Craig County. The production of ocher in Virginia during 1909 and 
1910 is combined with another subject in order to avoid disclosing 
individual figures. 


LIST OF MINERAL PAINT OPERATORS 
OPERATOR OFFICE MINE 


OTIC HO) GUC CGcuy sete. eralstete oteials tree oretere UNG LY OL Kanaerst crelete ets Bermuda Hundred 
IBYON REE) My OLRIFE, y gleyeumn “EC rece tee hERA TEC Died Dao a Butterworths.) 462i... « Pride 

MCA Zeal a liitenCO\smarets alsiatete lati icra «cle: a cuptelstete WDetrOlts Mich ete. «5 «5 Bedford City 

PO GL SUOMI ATE Ved Lie aide cttewers Wie we euszs vals ich setena ee STOW VILLC@ sherc'a nite <0terd Snowville 

Virginia Ocher Corporation.” ............. Teva Tw aes dey ese se aoe, 0! 3.6 Stanleyton 


aFormerly Page Ocher Corporation, Stanleyton. 


MARL. 

Caleareous and greensand marls are widely distributed over the 
Coastal Plain or Tidewater region of Virginia. Calcareous marls are 
also found in places in the Valley region west of the Blue Ridge. They 
have not been developed in Virginia, however, except for local use. 

The greensand marl is Eocene in age, and is formed chiefly along 
the inner margin or western portion of the Coastal Plain, where it is 
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exposed along the Potomac, Rappahannock, Pamunkey, and James 
rivers. It also occurs on the interstream areas, and has been traced 
southward from the James River almost to the State line. The green- 
sand marls contain a small percentage of potash and frequently phos- 
phorie acid, the potash content varying according to the quantity of the 
mineral glauconite present. Shells are usually present in the deposits 
and supply lime in addition to potash and phosphoric acid. ‘These 
marls have value as a fertilizer, and have been worked at a number of 
places on the James and Pamunkey rivers. 

The calcareous (shell) marls are abundant over much of the 
Coastal Plain region, being especially so in the Miocene and, in places, 
hardly less abundant in the Eocene. ‘The deposits are quite extensive 
in some localities, and contain as much as 80 to 97 per cent of calcium 
carbonate in places. In addition to their agricultural value, many of 
the beds are large enough and of sufficient quality to be used in the 
manufacture of Portland cement. ‘he State Geological Survey has 
had under investigation these deposits with a view to their use in Port- 
land cement manufacture, and a plant has been erected at Norfolk by 
the Norfolk Portland Cement Company for the manufacture of cement 
from these marls. Charters have been granted the Jamestown Port- 
land Cement Corporation and the Colonial Portland Cement Corpora- 
tion for the erection of plants and the manufacture of cement from 
marls and clays at Yorktown and near Grove Station. It is hardly 
necessary to call attention to the advantages afforded in this region to 
water transportation. 

There was no production of marls in Virginia during the years 
1909 and 1910. 

PYRITE AND PYRRHOTITE. 


The tabulation of production and value of pyrite in Virginia by 
years, given on page 111, includes both pyrite and pyrrhotite. Virginia 
has long held the position of first producer of pyrite among the pyrite- 
producing states in the United States. 

Commercial pyrite occurs in Louisa, Stafford, Spottsylvania, and 
Prince William counties. Mines are opened in each of these counties, 
but the production has been from Louisa and Prince William counties. 
‘The pyrite mines in these two counties are probably the largest and 
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most extensively developed ones in the United States, and the product 
from them constitutes nearly 50 per cent of the total output of pyrite 
in the United States. 

The pyrite mines in Louisa County were worked at different times 
for iron, copper, and pyrite. They were first opened and worked for 
iron in 1834, when the gossan overlying the pyrite for a depth of from 
40 to 60 feet was mined for iron-making in the local furnaces. The 
Prince William County mine, near Dumfries, was first opened in 1889, 
but was not continuously operated until several years later. 

The pyrite deposits in Louisa and Prince William counties occur 
as lenticular bodies, usually of large size, lying conformable or nearly 
so with the structure (foliation) of the inclosing rock. The lenses 
follow each other in the direction of strike, and may or may not be 
connected by thin and lean stringers of ore. The spacing between 
the ends of lenses is variable. In a few instances, partial overlap of 
the lenses has been observed. The lenses vary much in size, those in 
the Louisa County mines measuring several hundred feet long and as 
much as 60 to 80 feet in thickness. 

As developed by the extensive mining operations, the ore-bodies 
are marked, in places, by rolls and swells and by pinching and narrow- 
ing. ‘The inclosing rocks are metamorphic crystalline schists, chiefly 
micaceous, with more or less of the minerals, hornblende and garnet, 
developed in places. The normal rock is a mica-quartz schist, but 
mica schist without quartz, largely altered to chlorite, quartz-sericite 
schist, taleose and chloritic schists, and hornblendic schist, occur. 
Bands and stringers of more or less pure limestone are found in the 
walls near the ore bodies. Associated with these, is a considerable 
development of lime-bearing silicate minerals. 

The ore consists of the massive-granular type, which varies in 
texture from very fine- to moderately coarse-grained. Some of it is 
very hard and non-friable, but much of it is quite friable, and in 
some mines practically all the ore is of the latter type. Much of the 
ore is admixed with white granular calcite and some quartz. Chal- 
copyrite, sphalerite, galenite, pyrrhotite, and magnetite are associated 
with the pyrite in small quantity. Chalcopyrite is present in sufficient 
quantity at some mines to warrant the saving of the copper from 
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time to time by precipitation of it from the mine water, when it is 
dried, screened, and barreled for market. Sufficient chalcopyrite is 
encountered in the Cabin Branch pyrite mine near Dumfries, in 
Prince William County, to warrant the building recently of a small 
smelter for the extraction of the copper. 

The principal occurrence of pyrrhotite in Virginia is that of the 
“Great Gossan Lead” in Floyd, Carroll, and Grayson counties. This 
“ead” forms a well-defined vein of pyrrhotite varying in width up to 
100 feet, and strikes southwestward from Floyd County, through 
Carroll into Grayson County, a distance of more than 20 miles. It 
is composed chiefly of pyrrhotite with admixed quartz and schist, and 
carries streaks and patches of chalcopyrite and pyrite. The vein 
fills a fault fracture in crystalline schists of unknown age, varies in 
width from a few feet up to 100 feet, shows a somewhat variable but 
average dip of about 45°, and has in general an approximate northeast 
trend. At present, pyrrhotite is mined by the Pulaski Mining Com- 
pany near Monarat, Carroll County, and the ore treated at Pulaski 
for sulphur. 

The total production of pyrite, including pyrrhotite, in Virginia 
during 1909, showed a decrease of 2,164 long tons, or 1.86 per cent, 
in quantity, and $12,239, or 2.81 per cent, in value, in comparison 
with the figures for the previous year. The production in 1909 was 
114,176 long tons, valued at $423,283, as compared with 116,340 long 
tons, valued at $435,522 in 1908. ‘The average price per ton of pyrite 
in Virginia during 1909 was $3.71, as compared with $3.74 in 1908. 
The 1910 production of pyrite showed a considerable increase over 
the 1909 production, the figures for 1910 being 140,106 long tons, 
valued at $525,437. It will be seen from these figures that there was 
an increase over the production for 1909, of 25,930 tons in quantity 
and $102,154 in value. The average price per ton advanced from $3.71 
in 1909 to $3.75 per ton in 1910. 

There is given in the table below the production of pyrite in 
Virginia from 1904 to 1910, inclusive. 
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Production of Pyrite in Virginia, 1904-1910, in long tons. 














Average price 

Year Quantity | Value per ton 
Whe Oe Sone pee uh SRE ci aa 120,671 | $440,753 $3.65 
Toes, eee ke oy ites c 123,183 | 426,008 3.46 
RIOG eee eters warecice 128,794 431,388 3.35 
LU gee Bitte NS aie ates ies 124,740 | 372,086 2.99 
TOUS rt semnters cote tS 116,340 | 435,522 3.74 
Re ee Oe on eg crs 114,176 423,288 3.71 
ULV po eave § eI 8 Rs See 140,106 | 525,487 3.75 








LIST OF PYRITE OPERATORS 
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ARSENIC. 


Virginia has not been a producer of arsenic for several years. In 
1903, the United States Arsenic Mines Company, of Pittsburg, Penn- 
sylvania, began the mining of arsenopyrite (mispickel) at Brinton, in 
Floyd County. An extensive plant, erected for refining the product, 
was started in 1904, with the monthly capacity increased after 
January, 1905, to 90 tons of pure white arsenic. Operations were 
temporarily abandoned several years ago, and owing to the low price of 
white arsenic the Floyd County mines did not operate in 1909 and 
1910. A company was organized in 1910 to manufacture Paris green 
from the white arsenic made at the Floyd County arsenic mine, and a 
plant was established at Norfolk, Virginia. 

The mines are located 14 miles southeast of Christiansburg, at 
Brinton, Floyd County. The ore is arsenopyrite, a double sulphide 
of arsenic and iron, associated with pyrite, and occurs in “veins” 
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(lenses) in quartz-sericite schist, which is closely associated with a 
variable biotite gneiss, but the relations of the two rock types to each 
other, and of the gneiss to the ore bodies, are unknown. 


PHOSPHATE. 


Three forms of phosphatic material occur in the State; namely, 
(1) the marls of the Coastal Plain region, (2) pebble phosphate west 
of the Blue Ridge near Clifton Forge, and (3) dikes of nelsonite—a 
rock composed normally of a mixture of the minerals ilmenite and 
apatite occurring in Nelson and Roanoke counties. 

The shell and greensand marls of the Coastal Plain region fre- 
quently carry a small but variable percentage of phosphoric acid. 
These marls are not rich enough, however, in phosphoric acid to render 
them of commercial value as a source of phosphate. 

West of the Blue Ridge, the occurrence of phosphatic nodules has 
been observed at the base of Devonian black shale, at Clifton Forge, 
but the extent of this material is yet unknown. 

The nelsonite dikes in Nelson County are numerous and extend 
over a considerable area. Much variation is shown in the mineral 
composition of the rock composing the dikes. Normally, the rock is a 
granular mixture of the minerals white apatite and black ilmenite in 
variable proportion. Either mineral may predominate over the other 
in quantity. Near Rose’s Mill, the ilmenite of some of the dikes is 
largely or entirely replaced by rutile giving at times a rock composed 
essentially of apatite and rutile with little or no ilmenite. In the 
vicinity of Lovingston, some of the dikes are composed principally of 
magnetite and biotite with a variable amount of apatite, while others 
are made up almost entirely of apatite. Chemical analyses of the 
nelsonite, collected from dikes over different parts of the area, show the 
calcium phosphate to range as high as 33 per cent. 

The occurrence of the rock nelsonite in this county has been known 
for many years, and it has been prospected in a small way by open 
pits, cuts, and shafts at a number of places, chiefly near Roseland, 
Bryant, Rose’s Mill, and Lovingston. The development work in the 
nelsonite dikes, near Rose’s Mill, by the General Electric Company, 
was for the mineral rutile and not for the phosphate mineral apatite. 
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The dikes of nelsonite in Nelson County represent the largest 
concentration of phosphatic material yet known in the State. These 
deposits have been studied and mapped in detail by the Virginia 
Geological Survey, and a bulletin setting forth the results at consider- 
able length will shortly be published. Phosphatic tock, not unlike the 
nelsonite of Nelson County, occurs about four miles east of Roanoke, 
where considerable prospecting was done about seven years ago. 


GRAPHITE, 


Graphite is rather widely distributed through the Piedmont region, 
occurring chiefly in the schists and gneisses, but as yet no actual 
production of the mineral has been reported. The occurrence of 
graphite has been noted in the following counties: Albemarle, Amelia, 
Buckingham, Charlotte, Loudoun, Louisa, Nelson, Orange, and 
Powhatan. 

Probably the most encouraging occurrence of the mineral is in the 
northern part of Albemarle County, between Free Union and Boons- 
ville, near Buck Mountain. The graphite occurs here in irregular 
vein-like masses in gneisses and syenites and their residual decay. It 
is of good quality, and blocks weighing several hundred pounds are 
easily extracted. The Naylor-Bruce Graphite Company acquired the 
property several years ago and made some developments on it, but 
closed down within a short time without any production. 


RUTILE (Titanium). 


The only locality in the Atlantic States where rutile has been 
mined in quantity is in the Tye River-Hat Creek area of Nelson 
County. The area is a large one, located in the foot-hills region of the 
Blue Ridge, and is distant about 7 miles northwest of the main line of 
the Southern Railway. A second area of commercial rutile was dis- 
covered recently in Goochland and Hanover counties about 20 miles 
west and northwest of Richmond. 

Two distinct types of rutile are mined in the Nelson County area. 
In the first type, designated pegmatite rutile, the rutile occurs chiefly 
as disseminated grains of variable size in an igneous rock of very 
coarse- to medium-grained crystallization of feldspars and_ blue 
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quartz with, in places, much hornblende. In the second type, desig- 
nated nelsonite rutile, the rutile occurs in even-granular rocks, having 
dike-like characters, and composed normally of ilmenite and apatite. 
Near Rose’s Mill, on Piney River, the ilmenite of the nelsonite is 
almost or entirely replaced at times by rutile, the rock ranging from 
an ilmenite-apatite mixture, in which little or no rutile is present, 
to a rutile-apatite mixture, containing but little ilmenite, with inter- 
mediate gradations in the ratio of ilmenite to rutile. 

The American Rutile Company began mining the pegmatite rutile 
m 1901 from side-hill cuts along the east side of Tye River, a short 
distance below the entrance of Hat Creek, and, in 1902, a milling 
plant was built for concentrating the rutile. The rutile is very pure, 
of red to reddish brown color, and occurs chiefly as large and small 
grains, disseminated principally through the feldspar, but also in the 
blue quartz and the hornblende. The rutile is admixed in places with 
some ilmenite. 

In 1907, the General Electrical Company began mining operations 
for rutile in the nelsonite dikes near Rose’s Mill, about 7 miles north- 
west of Tye River post-office. After considerable prospecting had been 
done the rutile content of the dikes was found to be so irregular that 
work was abandoned in 1909. Hess reports that about 100 tons of 
rutile ore, carrying 50 per cent Ti0., were shipped which yielded 35 
tons of concentrates. The nelsonite dikes in this locality carry large 
percentages of rutile in places—the dikes being composed almost 
entirely of rutile and apatite, the former predominating, but have been 
found to grade both laterally and vertically into the normal ilmenite- 
apatite rock. 

The recently discovered (1909) deposits of rutile in the eastern 
portion of the Virginia Piedmont province, are grouped about several 
centers in the same general area in Goochland and Hanover counties. 
These are the Nuckols farm between Peers and Johnson’s Springs and 
the Brown farm at Waldelock, Goochland County, and the Bowe farm 
on the north side of the South Anna River, near Gouldin, Hanover 
County. Some prospecting for rutile has been done on each of these 
farms. ‘The country rock is a gneiss of variant composition, penetrated 
by pegmatite dikes that closely conform to the structure of the enclosing 
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gneiss. Both the enclosing gneiss and the pegmatites are usually 
deeply weathered. The pegmatite dikes show a somewhat marked 
foliated structure due probably to pressure effects chiefly. Rutile in 
very large quantity, ranging from fine grains to masses weighing several 
pounds, is scattered loose over the surface and in the soil. Masses of 
rutile weighing up to several hundreds pounds have been found on the: 
Nuckols farm. More or less ilmenite is associated with the rutile and 
both occur as constituents of the pegmatite. 

The rutile deposits of Virginia have been studied in detail by the 
Virginia Geological Survey, and a volume setting forth the results at 
considerable length will be published shortly. 

According to Hess the total value of rutile concentrates produced 
in 1909 in the Nelson County area was estimated at $10,000. The 
production of rutile in Virginia during 1910 was 556 short tons, 
valued at $44,480. 


LIST OF RUTILE (TITANIUM) OPERATORS 
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MINERAL WATERS. 


The mineral waters of Virginia are an important source of revenue 
in the State. Virginia has a very large number of spring resorts, and. 
a great variety and abundance of well-known commercial waters. 
Virginia is second only to New York in the number of springs that 
are utilized commercially, and exceeds New York in the number of 
resorts. 

All classes of mineral waters are found in the State, and some: 
of these are among the most celebrated in the country. They are 
naturally divided into (1) those containing mineral salts in such 
proportion as to give them medicinal value, and (2) those approxi- 
mately pure waters which are sold extensively for table or domestic use. 

The production of mineral waters for 1909, exclusive of 83,254 
gallons used in the manufacture of soft drinks, was 1,504,530 gallons, 
valued at $203,455, these figures representing a decrease from the: 
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production during the previous year, of 595,084 gallons in quantity, 
and $3,660 in value. It will be observed that, while there was such 
a marked decrease in the quantity of mineral waters sold during 1909, 
the value lacked only $3,660 of equalling that of the previous year. 
This is due to an increase in the average price per gallon of the water 
sold, the average price in 1909 being 14 cents per gallon as against 
10 cents per gallon in 1908. 

The production of mineral waters in Virginia during 1910 
amounted to 2,441,923 gallons, valued at $301,523. These figures, 
which are exclusive of 48,252 gallons used in the manufacture of soft 
drinks, represent an increase over the 1909 production, of 937,393 
gallons in quantity, and $98,068 in value. The average price per 
gallon of the water sold during 1910 was 12 cents. 

The following table gives the production and value of mineral 
waters in Virginia from 1903 to 1910, inclusive. 


Production and Value of Mineral Waters in Virginia, 1903 to 1910. 











| Springs reporting Quantity sold | 
Year | sales Gallons | Value 
EAs ed es eee Oe) 41 2,961,502 | $ 477,410 
1904 ee ae eae fi) 2,117,420 281,998 
OOD ecto ctee eRe | ar 2,340,287 589,102 
1906 seeiuate' Seles eee. || 43 1,997,207 | 418,908 
LOOT TPA eae 44 2,442,075 | 431,770 
1908 Aes A eee i | 46 2,099,614a 207,115 
1900 Ter PA ae tele toed | 49 1,504,530a 203,455 
1910 i ree eee oes 40 2,441,923a 301,523 











aAmount used for soft drinks not included. 


Of the $203,455 worth of mineral waters sold in Virginia during 
1909, $102,296 worth was sold for medicinal purposes and $101,159 
worth for table or domestic use. The total number of springs reported 
as producing in 1909 was 49, as against 46 in 1908. ‘These were 
distributed among the following 26 counties: Albemarle, Alexandria, 
Amelia, Augusta, Bath, Botetourt, Campbell, Chesterfield, Culpeper, 
Frederick, Henrico, Isle of Wight, Loudoun, Mecklenburg, Mont- 
gomery, Norfolk, Nottoway, Prince Edward, Roanoke, Rockbridge, 
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Rockingham, Surry, Sussex, Tazewell, Warwick, and Wythe. 
Several of the springs reported resorts, with total accommodations 
for 3,518 people, and eight reported bathing establishments. 

Of the 1910 production of mineral waters, valued at $301,523, 
$153,633 worth was sold for medicinal purposes and $147,890 worth 
for table or domestic use. The total number of springs reported as 
producing in 1910 was 40. ‘These were distributed among the follow- 
ing 23 counties: Alexandria, Amelia, Augusta, Bath, Botetourt, 
Campbell, Chesterfield, Culpeper, Franklin, Frederick, Isle of Wight, 
Loudoun, Mecklenburg, Montgomery, Nottoway, Prince Edward, 
Roanoke, Rockbridge, Rockingham, Surry, Sussex, Tazewell and 
Wythe. Several of the springs (11) reported resorts, with total accom- 
modations for 2,105 guests. 

Out of a total of 63 mineral springs credited to Virginia, 40 
reported sales during the year 1910. The list of springs follows, with 
those producing in 1910 marked by an asterisk (*). 

* Alexandria Well, Alexandria, Alexandria County. 
*Alleghany Spring, Alleghany Springs, Montgomery County. 
*Basic Spring, Basic City, Augusta County. 

*Bath Alum Springs, McClung, Bath County. 

*Bear Lithia Spring, near Elkton, Rockingham County. 
*Beaufont Spring, Beaufont, Chesterfield County. 

*Bellfont Lithia Spring, Manchester, Chesterfield County. 

Berry Hill Mineral Spring, near Elkwood, Culpeper County. 

*Blue Ridge Springs, Blue Ridge Springs, Botetourt County. 

Brugh’s Spring, near Nace, Botetourt County. 

*Buckhead Lithia Springs, Buckhead Springs, Chesterfield County. 

*Buffalo Lithia Springs, Buffalo Lithia Springs, Mecklenburg 
County. 

*Burnett’s Mineral Spring, Hudson Mill, Culpeper County. 

*Campfield Lithia Spring, Temples Station, Chesterfield County. 

*Carper Lithia Springs, Radford, Montgomery County. 

Como Lithia Spring, East Richmond, Henrico County. 

*Coppahaunk Lithia Springs, Waverly, Sussex County. 

*Crockett Arsenic Lithia Spring, Crockett Springs, Montgomery 
County. | 
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*Days Point Artesian Lithia Spring, Smithfield, Isle of Wight 
County. 

Diamond Spring, Diamond Springs Station, Princess Anne County. 
*Erup Mineral Spring, Glencarlyn, Alexandria County. 

*Falling Springs, Falling Springs, Augusta County. 

Farmville Lithia Springs, Farmville, Prince Edward County. 
*Fonticello Lithia Spring, near Richmond, Chesterfield County. 
*Harris Anti-Dyspeptic Spring, Burkeville, Nottoway County. 
*Holly Lithia Springs, three miles east of Richmond, Chesterfield 

County. 

Houston Chlorated Spring, Houston, Halifax County. 

*Tron-Lithia Springs, Tiptop, Tazewell County. 
* Jeffress Lithia Silica Spring, Jeffress, Mecklenburg County. 
*Jordan White Sulphur Spring, Jordan Springs, Frederick County. 
*Kayser Lithia Springs, Staunton, Augusta County. 
*Lone Jack Spring, Lone Jack Station, Campbell County. 
Magee’s Chlorinated Lithia Spring, Clarksville, Mecklenburg 
County. 

Manganese Sodium Iodide Spring, Hallsboro, Chesterfield County. 

Massanetta Spring, Harrisonburg, Rockingham County. 
*Mecklenburg Mineral Springs, Chase City, Mecklenburg County. 

Mulberry Island Spring, Mulberry Island, Warwick County. 

(Name changed to Chloride Lithia Spring). 
*Nye Lithia Springs, Wytheville, Wythe County. 

O’Connell Lithia Spring, Stribling Springs, Augusta County. 

Otterburn Lithia Spring, Amelia, Amelia County. 
*Peeonian Springs, Peonian Springs, Loudoun County. 

Pantops Mountain Spring, 3 miles east of Charlottesville, Albe- 

marle County. 

Paradise Spring, Clifton Station, Fairfax County. 

*Pickett Spring, Worsham, Prince Edward County. 
Powhatan Spring, Ballston, Alexandria County. 
Roanoke Lithia Spring, two and one-half miles west of Roanoke, 
Roanoke County. 
*Rockbridge Alum Springs, Rockbridge Alum Springs, Rockbridge 
County. 
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*Rocky Mount Lithia-Magnesian Spring, Rocky Mount, Franklin 
County. 

*Rubino Healing Springs, Rubino Healing Springs, Bath County. 

*Seawright Magnesian Lithia Spring, Staunton, Augusta County. 

Shenandoah Alum Springs, Shenandoah Alum Springs, Shenan- 

doah County. 

Smithfield Artesian Well, Smithfield, Isle of Wight County. 
*Stribling Springs, near Mount Solon, Augusta County. 
*Tripho-Lithia Spring, Claremont, Surry County. 

Trois Fontaine Lithia Spring, South Hill, Mecklenburg County. 
*Virginia Etna Springs, Vinton, Roanoke County. 

Virginia Lithia Springs, Osceola, Chesterfield County. 
*Virginia Magnesian Alkaline Spring, near Staunton, Augusta 

County. 

Virginia White Rock Springs, Mount Solon, Augusta County. 
*Wallawhatoola Springs, near Millboro Spring, Bath County. 

Waterlick White Sulphur Spring, Waterlick, Warren County. 

White Oak Mineral Spring, Norfolk, Norfolk County. 

*Wyrick Mineral Spring, near Wytheville, Wythe County. 


PRECIOUS STONES. 


A variety of minerals of gem grade has been found in the crystal- 
line rocks of the Piedmont province of Virginia. Some counties in 
this area, which seemingly offer good possibilities for: the occurrence 
of gem material, have not yet been exploited for this purpose. The 
known counties which have either produced gem materials, or contain 
minerals which might be of desirable gem grade, are Amelia, Amherst, 
Bedford, Buckingham, Fairfax, Hanover, Nelson, and Spottsylvania. 
Of these, Amelia County is the best known and has produced the largest 
variety and quantity of gem material. This material has come from 
the mica mines opened in the pegmatite dikes near Amelia Courthouse. 

Those minerals known to occur in Virginia which have been used, 
or are probably. capable of being used, for gem material are quartz 
including several varieties, garnet including several varieties, allanite, 
kyanite, fluorite (chlorophane), feldspar including several species, 
microlite, apatite, beryl, turquoise, columbite, and helvite. Although 
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these minerals occur in Virginia not all of them have been found to be 
of gem grade. 

The value of the production of precious stones in Virginia for 1909 
was $2,500. ‘There was no reported production of precious stones in 
Virginia during the year 1910. 
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LETTER OF TRANSMITTAL 


VIRGINIA GEOLOGICAL SURVEY, 
UNIVERSITY OF VIRGINIA, 
CHARLOTTESVILLE, 1913. 


To His Excellency, Hon. Wm. Hodges Mann, Governor of 


Virguua, and Chairman of the State Geological Commission. 


Sir:—I have the honor to transmit herewith for publication as Bulletin 
No. VII of the Virginia Geological Survey Series of Reports, a report 
entitled “Geology of the Gold Belt in the James River Basin, Virginia,” by 
Dr. Stephen Taber, Assistant Geologist on the Virginia Geological Survey. 

This report is the first of a series planned by the State Survey to cover 
the geology of the entire gold belt in Virginia, and it should prove of 
much value to those seeking information on the gold deposits of the area 
mapped and studied, including the counties of Buckingham, Cumberland, 
Fluvanna, and Goochland. 

Respectfully submitted, 


THomas L. WATSON, 


Director. 


GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER 
BASIN, VIRGINIA 


BY STEPHEN TABER. 


INTRODUCTION 


This report is a geologic and economic investigation of the Gold Belt 
in the James River Basin, Virginia, an area comprising 700 square miles 
in Fluvanna, Goochland, Buckingham, Cumberland, Powhatan, and 
Amelia counties. The occurrence and origin of the gold, copper, and sul- 
phide deposits within the area are discussed in detail. The commercial 
slates of the area, while of great economic importance, are only briefly 
mentioned in this report as they will be considered at length in Bulletin 
No. X, now in course of preparation by the Virginia Geological Survey. 

The field studies which form the basis of this report were made by 
the writer during June, July, and August, 1910, and July and part of 
August, 1911. 

No attempt has been made to evaluate individual mines or to determine 
whether they can be operated at a profit, as that is properly the work of 
the consulting mining engineer and geologist; but such basic problems as 
the origin and distribution of the ore deposits, and their probable variation 
in depth—problems which can not be solved by the examination of a single 
property, or without the expenditure of much time and effort—have been 
investigated as fully as conditions would permit. 


Acknowledgments.—The writer desires to thank Dr. Thomas L. 
Watson, State Geologist, under whose supervision the work was done, for 
the privilege of studying the area, and for his valuable advice and kindly 
assistance in the preparation of this report. He also wishes to acknowledge 
the many kindnesses shown him by the different operators in the district, 
and by others who aided him in the field investigations. 

The topographic map of the gold belt in the James River basin (PI. I) 
is compiled from the Palmyra, Farmville, Buckingham, and Appomattox 
sheets of the United States Geological Survey, with corrections inserted 
by the writer. The traverse maps, used as a base for the detailed geologic 
work, were compiled chiefly from surveys made by the writer. Control 
for the detailed map of the gold belt on the north side of James River 
(Pl. II) was furnished by the United States Geological Survey and the 
Chesapeake and Ohio Railroad, and for the Arvonia-New Canton map 
(Fig. 2) by the Chesapeake and Ohio Railroad. Other acknowledgments 
are made in the body of the report. 
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CHAPTER L. 


GEOGRAPHY AND HISTORY. 
LOCATION. 


The district described in this report is situated a little east of the 
geographic center of the State, and lies on both sides of James River, 
about 60 miles above Richmond. It comprises the southeastern part of 
Fluvanna County, most of the western part of Goochland County, the 
northern three-fourths of Cumberland County, and adjacent portions of 
Buckingham, Powhatan, and Amelia counties, Virginia. The exact loca- 
tion is shown in the index map, fig. 1, and a large topographic and 
geologic map of the area is given on Pl. I, which will be found in the 
pocket at the back of the book. 
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Fig. 1.—Index map showing location of area. 


The area is trapezoidal in shape, being 30 miles long in a north and 
south direction, with a width of 15 miles at the northern end and over 32 
miles along the southern boundary. It covers approximately 705 square 
miles. 

The greater portion of the district is easily accessible from stations on 
the various railroads that cross it. The Chesapeake and Ohio Railway, 
following the north bank of James River, crosses the north central portion 
of the area in an east and west direction, while the Buckingham Branch 
of the Chesapeake and Ohio and the Virginia Air Line railways approxi- 
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mately parallel the western boundary, the former extending south from 
Bremo Bluff to Rosney, its terminus near the southern line, and the latter 
running from Strathmore northeast to Carysbrook and thence northward 
approximately parallel with Rivanna River. The Tidewater and Western 
Railway, a narrow gauge line, crosses the southeastern corner of the area. 

With reference to the major physiographic divisions of the State, the 
area is located in the center of the Piedmont Plateau; it lies within the 
belt of old crystalline rocks that extends from New Brunswick to Alabama ; 
and is a part of the gold belt in the Southern Appalachians region. 


TOPOGRAPHY. 


The topographic features of the gold belt present little by way of 
variation; the land surface is gently rolling, consisting of broad flat- 
topped hills or ridges and narrow valleys. The ridges are remarkably 
uniform in elevation, ranging from 450 feet above sea level along the 
eastern border of the area, to 550 or 600 feet in the western portion, and 
the valleys of the larger streams have an average elevation of about 225 feet. 

The only variation in the monotony of the topography is furnished 
by Willis Mountain in the southwest corner of the area, which is the most 
prominent single feature of relief found in the State east of the outlying 
ranges of the Blue Ridge. It consists of a narrow ridge, about two miles 
long in a north and south direction, which rises abruptly from the Piedmont 
Plateau to a height of 1,159 feet above sea level, the upper portion being 
exceedingly precipitous and almost bare of vegetation. 


DRAINAGE. 


The area is drained by James River and its tributaries. James River 
flows directly across the area in a general easterly direction. Rivanna 
River and Byrd Creek are the principal streams entering James River on 
the north; and Slate River, Willis River, and Muddy Creek on the south. 
Appomattox River, flowing northeasterly, cuts across the southeast corner 
of the area and finally empties into the James below Richmond. Minor 
creeks and branches spread out from the principal streams, and completely 
drain all parts of the district. 

The estimated mean yearly discharge of James River at Cartersville, 
where the drainage area is 6,232 square miles, is 8,189 cubic feet per 
second. These figures are based on daily observations taken between 
January 1, 1899, and December 30, 1905, under the direction of the 
Hydrographic Branch of the United States Geological Survey. During 





aGrover, N. C., and Bolster, R. H., Hydrography of Virginia, Bull. No. III, Geol. 
Survey of Virginia, 1906, pp. 142-152. 
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this period of seven years the maximum discharge for any single day was 
97,800 cubic feet per second on December 15, 1901, and the minimum 


discharge for any single day 842 cubic feet per second on September 15, 
1900. 


SOIL. 


The alluvial soils of the valleys, while lhmited in extent, are very rich; 
but the residual soils that cover the ridges are for the most part lean, and 
do not make first-class farming land. It was originally covered with a 
heavy growth of timber which has been greatly thinned out by cutting. 
All of the bottom lands and much of the uplands are at present under 
cultivation, but large areas of the latter have been allowed to grow up 
with a second growth of timber. While not naturally so rich as the 
bottom lands, much of this residual soil is capable, under proper farming 
methods, of a high degree of productivity. 


CLIMATE. 


The climate is equable and agreeable during the greater part of the 
year; the mean annual temperature is about 56° F., and the thermometer 
seldom drops as low as zero in the winter or reaches as high as 100° in the 
summer. ‘The average yearly precipitation is about 42 inches, and this is 
quite evenly distributed throughout the year, so that prolonged droughts 
in summer or excessive rain and snow in winter are seldom experienced. 


CULTURE. 


The country is sparsely populated, and there are no large towns within 
the area. The chief industry of the inhabitants is farming, with corn 
and tobacco as the principal crops. Considerable lumbering is still carried 
on, and many railroad ties are shipped out of the district. Slate has 
been extensively quarried in Buckingham County for many years, and 
mining was at one time an important industry, but recently it has been 
carried on only in a spasmodic way. ‘There are practically no manu- 
facturing industries in this section, and although there is good water- 
power in certain localities it has as yet received little attention. Many of 
the smaller streams have been utilized to run saw mills and grist mills 
for local custom, but this is the extent of water-power development. 
Within the past few years great strides have been made in the public 
school system, and large new school buildings have been erected in nearly 
all of the towns. 


CR 
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HISTORY. 


The early history of gold mining in the James River valley is so closely 
connected with the development of that industry elsewhere in Virginia, 
and indeed throughout the Southern Appalachians region, that a brief 
outline of the more important happenings in other parts of the gold belt 
will be given. The general history of the entire gold belt was summed 
up by J. D. Whitney in 1854, and by Geo. F. Becker? in 1895. 

According to Becker the first mention of gold in the Southern Appa- 
lachians states is by Herrera’, and “‘is to the effect that on June 4, 1513, 
while Ponce de Leon lay near the southern end of the peninsula of Florida, 
he was informed that a cacique in the neighborhood had a quantity of 
gold.” Several years later Spanish and French explorers refer to the 
possession of gold by the Indians; and Lemoyne, in his “Brevis 
Narratio”’@, of the journey made by Laudonniére in 1564, describes a 
method used by the Indians in separating gold from sands, which they 
found in rivers flowing from the Appalachian Mountains. Authorities 
differ as to how the Indians obtained their gold, but it seems probable 
that no systematic efforts were made by them to recover the metal. It 
can scarcely be doubted, however, that they found gold nuggets and made 
use of them, for in later years white miners found many large nuggets 
on the surface, some weighing several pounds, and such lumps must have 
been more plentiful before the country was settled. While the Spaniards 
are reported to have done some mining in Georgia in the seventeenth 
century, practically no systematic work was undertaken until after the 
beginning of the nineteenth century. 

The earliest authentic reference to gold in Virginia is by Thomas 
Jefferson in 1782. He describes a lump of ore found on the north side 
of Rappahannock River about 4 miles below the falls. ‘The gold “was 
interspersed in small specks through a lump of ore of about four pounds 
weight, which yielded seventeen pennyweight of gold of extraordinary 
ductility.’’¢ 

In 1799, the Reed nugget was discovered in Cabarrus County, North 
Carolina, and some years later more lumps were found, one weighing 28 


aThe Metallic Wealth of the United States, Philadelphia, 1854, pp. 114-134. 

bReconnoissance of the Gold Belt of the Southern Appalachians, 16th Ann. Rept. 
U. S. Geol. Survey, 1895, pt. III, pp. 253-258. 

cHerrera Dec. 1, Book IX, Chap. 5. 

dPublished by De Bry in 1591. 

eJefferson, Thomas, Notes on the State of Virginia, 2d Am. ed., Philadelphia, 
Nov. 12, 1794, p. 32. 


6 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


pounds. Up to 1825 all the gold produced in North Carolina came from 
placer gravels, but during that year veins were opened in Montgomery 
County and afterwards in Mecklenburg County. Between the years 1804 
and 1828, all gold of domestic production deposited at the United States 
mint, amounting to only $116,000, came from North Carolina; but in 
1829 the mint records show a production of $2,500 from Virginia, and 
during the same year South Carolina sent gold worth $3,500 to the mint. 

In Virginia gold was discovered at very nearly the same time in both 
Orange and Goochland counties. Dr. Watson states that, “the Virginia 
Mining Company of New York, operating between the years 1831 and 
1834, the Grasty tract of land in Orange County, was the first gold mining 
company incorporated in Virginia. The date of the incorporation was 
March 10, 1832. The Orange County, Virginia, deed books show that 
a one-half interest in a 20-year lease on the 5-acre mining tract, dated 
1829, was purchased in 1831 for $30,000 in cash.’ 

The first discovery of gold in the James River basin was probably on 
the Collins place in Goochland County, about 1829. The first attempt 
at mining was by the Fishers, who built dams across the branch and 
prepared to work the gravels in rockers. Before active mining had 
actually begun, the property was turned over to Stevens Collins, who con- 
tinued to work the placers for several years, and the Fishers transferred 
their operations to Busby Branch, 1.5 miles southwest of Tabscott. The 
discovery of the gold-bearing veins at the Tellurium mine is said to have 
been made in 1832 by G. W. Fisher while hunting, and according to 
J. R. Hamilton, veins were found on the Waller property by John Moss 
during the same year. Discoveries on other properties in the district 
followed in rapid succession. When Prof. W. B. Rogers wrote his “Report 
of the Geological Reconnoissance of the State of Virginia, 1835,” Booker’s 
mine (the Morrow mine) was already under active development. The 
history of the different mines, so far as known, is given under the descrip- 
tion of individual properties in Chapter V. 

On most properties gold was found first in the branches, and as the 
placer gravels were frequently rich and could be worked by crude methods 
necessitating little or no capital, the deposits along the branches were 
rapidly exhausted. In most cases the mining was done by lessees, who 
paid a royalty of about 10 per cent. of the gold recovered. The first 
primitive washing was with the pan, but almost from the first rockers 
were used on the branch gravels. Long-toms were also used, and in a few 


aWatson, Thomas L., Mineral Resources of Virginia, Lynchburg, 1907, p. 549. 
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places hydraulic mining was carried on, but most of the branches had 
insufficient grade to permit the use of sluice-boxes. 

The veins from which the placer gold was derived were frequently 
discovered in working up the branches, and as the placer gravels became 
exhausted, a close search was made for the primary deposits. When the 
veins were first found, many of them were worked in a very primitive 
fashion, the gold being recovered by the crudest mechanical processes. 
The high percentage of free gold, the great depth of residual decay, and 
the low cost of mining these ores, helped to make such methods profitable. 
Small shafts or pits were sunk on the outcrops where pannings of the 
surface soil indicated the presence of much gold. In the decomposed 
‘rock above water level blasting was not necessary, and in some places it 
was possible to sink nearly 100 feet through “picking ground.” ‘The ore 
was usually raised by hand or sometimes with a horse-whim. 

At first the ore was crushed by hand in iron mortars after a preliminary 
hand sorting, and the gold obtained by panning, mercury being some- 
times used to amalgamate the gold. Crushing was also carried on in 
wooden mortars lined with iron, while the heavy pestles were attached to 
long sweeps operated by hand. At the Tellurium mine an arrastra driven 
by horse-power is said to have been employed for a short time, but was 
soon replaced by a stamp mill, or “pounding mill” as they were then 
called. According to Nitze and Wilkins this stamp mill was in operation 
as early as 1836, making it one of the first, if not the first, to be erected 
in this country. It had six wooden stamps, shod with iron, which weighed 
about 50 pounds each, and the ore was crushed on an iron die plate. The 
stamp stems were square and did not revolve as in later mills, for the 
cams worked in slots cut into the stems. 

At a later date larger and more efficient mills were installed, a 40- 
stamp mill being built by Commodore Stockton at the Tellurium mine as 
early as 1848, while a mill with 72 stamps was in operation at the Morrow 
mine, Buckingham County, in 1854. Tremain steam stamps, various 
types of rotary pulverizers, and a number of other mills have been tried 
with more or less success at different mines. 

As the water level was reached the rock became harder, rendering 
blasting necessary, the water that was encountered had to be removed by 
pumping, and the sulphides, which began to replace the oxidized ores 
found at the surface, contained less free gold. It is also probable that the 
total gold content of the surface ores was higher than that of the sulphide 
ores, because of some enrichment through concentration of a part of the 
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gold originally present in the eroded portions of the veins. All of these 
factors combined to make mining more expensive and the recovery of the 
gold more difficult, forcing most of the mines to cease operation after the 
ores above water level had been exhausted. ‘This period in the develop- 
ment of many of the mines was approximately coincident with the out- 
break of the Civil War, which put a stop to practically all mining opera- 
tions both in Virginia and in the South generally. 

Since the close of the war there have been spasmodic attempts to 
reopen many of the mines, and while these efforts have been accompanied 
by varying degrees of success and failure, they have for various reasons 
always ended in the same way—the final cessation of all mining. Gold 
can be recovered from refractory sulphide ores, but the methods of ex-' 
traction are more complex and costly than the simple amalgamation 
processes that suffice for the oxidized ores near the surface. In the case 
of a producing mine, the introduction of auxiliary processes for the treat- 
ment of refractory ores necessitates an additional outlay of capital; but 
the metallurgical process now used had not been perfected when the 
exhaustion of free milling ores made the profitable handling of sulphide 
ores a necessity, if the mines were to remain open. It is much more costly 
to introduce new processes at old mines that have been long abandoned, 
for with the ores near the surface exhausted, prospecting is more difficult, 
and a larger amount of dead work must be carried out before pay ore can be 
developed. Most companies that have undertaken to reopen Virginia gold 
mines have done so with insufficient capital, and usually the men in charge 
of operations have lacked technical training. Mismanagement and igno- 
rance of the common principles of mining have resulted in the erection 
of expensive surface plants before the mines were developed to a point that 
would permit the making of adequate tests of the quality and probable 
quantity of the ore. 


The metallurgical processes which have elsewhere proved successful in 
recovering gold values from refractory ores, have usually included con- 
centration of the sulphides, and separate treatment of the concentrates 
and tailings. ‘The concentrates are generally smelted with other ores, or 
treated by chlorination or cyanidation after a preliminary roasting, while 
the tailings are usually subjected to some variation of the cyanide process. 
In 1879, a Mears chlorination plant was erected at the Phoenix mine in 
North Carolina, under the management of Mr. A. Thies, who improved 
and developed it into what was later known as the Thies process. In 
1881, the Mears process is reported to have been tried at the Snead mine, 
but no details are given. An attempt to treat the sulphides at the Morrow 
mine by the Mears chlorination process, in 1893-94, is said to have failed 
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because of mechanical defects in the process used, though a satisfactory 
extraction of the gold was obtained. 

According to Nitze and Wilkins a cyanide plant was in operation at 
the Gilmer (Young American) mine in 1893; with what success is not 
known. A preliminary test of the cyanide process, at the Bertha and Edith 
mine in 1897, is reported to have been successful, but the plant was 
destroyed by fire soon after completion and was not rebuilt. At the 
Hughes mine both concentrates and tailings were treated by the cyanide 
process, the sulphides being first roasted in a muffle furnace, and an 
extraction of over 90 per cent. is claimed. 

Recently there has been renewed activity in the district, a number of 
the old mines have been reopened, and some new development work done, 
but as yet none of the mines have gone much deeper than 100 feet below 
the surface. As the free milling ores above water level are now practically 
exhausted, future mining necessarily depends on the successful treatment 
of sulphide ores. 

PRODUCTION. 

The statistics of production during the years when gold mining was 
most active in Virginia, are not sufficiently detailed to make possible the 
compilation of data giving the production of individual mines, or of the 
district as a whole. The few figures that are available relate to particular 
mines, and are given under the descriptions of the different properties in 
Chapter V. The annual production of gold in the James River basin has 
probably varied with that of the State. After the first deposit of $2,500 
at the United States mint in 1829, the gold production of Virginia 
steadily increased until 1833, when it reached a value of $104,000. 'There- 
after it averaged about $56,000 yearly up to the outbreak of the Civil War, 
and since the war the production has ranged from a minimum of $2,024 
in 1884, to a maximum of $15,000 in 1906, averaging about $6,000. 


PREVIOUS GEOLOGIC WORK. 


No detailed geological work dealing with this or any other portion of 
the gold belt in Virginia has been published previous to this report. 
Since the first discovery of gold, the mines in the James River basin have 
been examined from time to time by geologists and mining engineers, 
and a number of reports on individual properties have been published. 
Some of the early American and English geologists, who visited the 
district, became interested in the genesis of the ore-bodies and advanced 
theories to explain their mode of formation; but at that time the petro- 
graphic microscope had not been developed, and the science of geology had 
not reached a stage permitting detailed geological study in an area of old 
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metamorphic rocks. In more recent years the lack of accurate topographic 
maps, the depth of residual decay, and the absence of deep mines, have 
combined to discourage geologists from undertaking work in the district. 

Several studies treating of the gold belt in the Southern Appalachians 
region as a whole have been published, and in these the principal mines 
in the James River valley receive brief mention. A number of papers, 
usually brief in character and dealing chiefly with the economic and engi- 
neering phases of the properties, have appeared from time to time. In the 
Bibliography is given a list of the titles of all the principal papers which 
refer in any way to the gold veins in this district. A brief review of the 
more important conclusions developed by the different geologists that have 
worked in the area is outlined below. 

The first geological work, of which there is any record, was done by 
Prof. Wm. B. Rogers, who in 1835 published his “Report of the Geological 
Reconnoissance of the State of Virginia.” He mapped all of the rocks 
in the gold belt as primary, but states that the rocks lying to the west of 
the belt of gneiss “assume various intermediate characters, until at length 
the truly crystalline structure is lost, and numerous forms of slate of very 
peculiar and equivocal features make their appearance. At what precise 
points the rocks of unequivocally primary character terminate, future 
researches must ascertain.’’@ 

In describing the veins, Rogers points out that while in the main they 
conform to the inclination of the enclosing strata, this correspondence is 
far from exact, and that in places the veins divide, and the separated 
portions reunite or send off other branches. From this he concludes: 


“Tt would thus appear, that these numerous veins: of quartz are not 
to be regarded as deposits coeval with the regularly stratified rocks among 
which they are found, since in that case their position and structure would 
exhibit a like degree of uniformity, but as matter which, subsequent to 
the production of the neighboring rocks, was forcibly injected between 
them by igneous agencies from beneath, rising in the directions of least 
resistance, and therefore, generally, though by no means uniformly, 
following the plains of stratification of the rocks through which they 
passed. Instead, therefore, of considering them as beds like the adjoining 
strata, as some writers have done, we would incline to class them among 
veins of injection, of which numerous instances occur in other parts of 
the globe. We are the more persuaded of the correctness of this view of 
their origin, from the consideration that throughout all the region in 
which the quartz veins are found, very peculiar modifications in the 
structure and composition of the surrounding rocks are invariably to be 
observed—modifications for which no adequate cause can be found in the 
other igneous rocks which occasionally occur.’”? 


aRogers, Wm. B., A Reprint of the Geology of the Virginias, New York, 1884, 
Dette: 
bIbid., pp. 75-77. 
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Prof. B. Silliman examined the Busby and Moss mines in 1836, and 
while in the district also visited the Tellurium mine. As a result of his 
observations he reached conclusions in regard to the nature of the veins 
which are at variance to those advanced by Prof. Rogers. He states that: 
“The auriferous or gold-bearing quartz of the gold region of Virginia 
(and, as far as I am informed, of the states farther south) forms, not 
strictly veins but rather beds or layers—in general not interfering with 
but conforming to the regular structure of the country.” 

Prof. Rogers, in his “Report of the Progress of the Geological Survey 
of the State of Virginia for the Year 1839,” describes the Triassic area 
lying in Prince Edward, Cumberland, and Buckingham counties under 
the name of “middle secondary formations,” but maps the rest of the area 
embraced in the present report as “primary.” 

Prof. D. T. Ansted in 1854, after a careful study of the region, 
strongly opposed the theories of Rogers, both as to the genesis of the gold 
veins and in regard to the manner in which the Alleghanies were formed. 
Ansted points out the resemblance of many of the “‘so-called veins” to the 
quartzite exposed in the bluffs at New Canton and says: “It is not with- 
out importance that these hard sandstone bands pass into and alternate 
with quartz bands parallel to them, and that this quartz is hyaline, and 
has in all respects the aspect and general character of the auriferous veins 
of the adjacent districts.”° He further states that: 


“There were perhaps originally a multitude of beds, consisting of such 
materials as are still accumulating every day upon the earth. These beds 
were altered more or less by chemical agency, but while some still retain 
clear marks of their mechanical origin, others have become so far 
crystalline that the new arrangement of particles obliterated the old. 
That the syenites, greenstones, and gneissic rocks, as well as the chloritic 
schists, hornblendic schists, pale and blue slates, and other well-marked 
mechanical rocks, were once alternating aqueous deposits, there is no 
doubt in my mind; and I also believe that the gold as well as the iron 
was originally disseminated through the whole, and has been since re- 
arranged and collected into certain portions, whether veins or bands, by 
a process of segregation, which has also changed siliceous sands into the 
condition of alternating quartz bands.””@ 


aSilliman, B., Remarks on Some of the Gold Mines, and on Parts of the Gold 
Region of Virginia, Founded on Personal Observations Made in the Months of 
August and September, 1836, Amer. Jour. Sci. and Arts, 1837, vol. xxxii, pp. 98-130. 

bIbid., pp. 322-323. 

cAnsted, D. T., The Alleghanies and the Gold District of Eastern Virginia, 
Scenery, Science and Art, London, 1854, Chap. 3, p. 287. 

dAnsted, D. T., Op. cit., p. 292. 
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Ansted described the Waller, London and Virginia, and Morrow veins, 
all of which were exposed at the time of his visit, and his descriptions 
show that he was a remarkably careful and accurate observer. 

Dr. H. Credner, during the latter part of 1865, made a detailed exam- 
ination of the gold deposits of Virginia and North Carolina, and the 
portion of his report relating to Virginia mines, which was published in 
1868-69, gives a comprehensive list of the gold-bearing properties in the 
James River basin. His conclusions in regard to the geology of the deposits 
are stated as follows: 


“The slate belt is of the highest technical interest, on account of the 
variety and multitude of mineral deposits which it encloses. Mineral- 
ogically it is made up of soft micaceous slates, siliceous slates poor in mica, 
chloritic, taleose, and roofing slates. All these varieties have an immediate 
connection with the analogous slate formation of North Carolina, which 
has been named by Emmons the Taconic system. We are therefore 
justified in describing this Virginia slate zone as belonging to this pre- 
Silurian oldest fossiliferous system. 

“Somewhat as the coal measures le between carboniferous sandstones 
so between the layers of these slates le parallel metalliferous intercala- 
tions, striking and dipping with the enclosing rocks and therefore not veins 
proper in a geological sense.””“ 

In 1885, I. C. Russell made a reconnoissance of the Triassic (Newark) 
area lying in Prince Edward, Cumberland, and Buckingham counties, 
determining the presence of a fault along its eastern boundary north of 
Farmville, and several north and south faults in the central portion of 
the area.” 

In 1892, N. H. Darton announced the discovery of fossils in the slate 
of the Arvonia quarries, and the identification of these fossils by Walcott 
placed the slates in the upper Ordovician (Cincinnatian) .° 

In 1911, Thomas L. Watson and 8. L. Powell correlated the Arvonia 
slate belt with the Quantico slate’ belt in Prince William, Stafford, and 
Spottsylvania counties, Virginia, and described the occurrence of tuff- 
aceous beds and metamorphosed rhyolite interbedded with the slates in 
each district.4 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. of Mining, 1868, vol. vi, p. 361. 

bRussell, I. C., The Newark System, U. S. Geol. Survey, Bull. No. 85, 1892, 
pp. 88-89. 

eDarton, N. H., Fossils in the “Archean” Rocks of Central Piedmont, Virginia, 
Amer. Jour. Sci., 1892, vol. xliv, pp. 50-52. 

dWatson, Thomas L., and Powell, S. L., Fossil Evidence of the Age of the 
Virginia Piedmont Slates, Amer, Jour. Sci., 1911, vol. xxxi, pp. 33-44. 


CHAPTER II. 
DESCRIPTIVE GEOLOGY AND PETROGRAPHY. 


INTRODUCTION. 


The results of the areal survey of the gold belt in the James River 
basin are shown on the geological maps, Pls. I and IT, and figs. 2 and 17. 
Owing to the lack of sufficient exposures it is not possible to map all of 
the region in equal detail. Plate I is a topographic and geologic map of 
the entire area, on which only the principal formations are differentiated. 
The northwestern portion is occupied chiefly by pre-Cambrian schists, 
quartzites, and gneisses of sedimentary origin, and the southeastern por- 
tion, by more or less gneissic igneous rocks of the granite-diorite family. 
The northern end of the Farmville area of Triassic rocks crosses the 
southern boundary and occupies a small area between Ca Ira and Willis 
Mountain. 

A narrow belt of Ordovician rocks extends in a southwesterly direction 
from a point on Long Island Creek, between Palmyra and Wilmington, 
nearly to Alpha in Buckingham County, a distance of about 22 miles. Its 
boundaries are shown on the smaller detailed maps but not on Pl. I. A 
large scale map of the entire slate belt will be published shortly in con- 
nection with a report on the slate deposits of Virginia, now in preparation 
by the State Geological Survey. 

Most of the gold mines are situated in the northeastern portion of the 
district shown on PI. I, and this section is given in greater detail on PI. IT. 
Figure 2 is a detailed geological map of the region around New Canton 
and Arvonia, Buckingham County, showing the distribution of the Ordo- 
vician rocks, and the relation of the New Canton copper mines to the 
contact between the pre-Cambrian schists and intrusive granite. 

All of the rocks in the area mapped, except the Triassic sediments, 
have been extensively altered by regional dynamic metamorphism, the 
degree of alteration being most intense in the pre-Cambrian rocks. In 
the following detailed descriptions the rocks are divided into two classes, 
namely, those that are sedimentary in origin and those that are igneous 
in origin; and the subdivisions of the two classes are based, so far as 
possible, on relative age. 
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ROCKS SEDIMENTARY IN ORIGIN. 


GENERAL CLASSIFICATION. 


The rocks of sedimentary origin, described in this report, may be 
divided for purposes of mapping and description into three main groups— 
pre-Cambrian, Ordovician, and Triassic—which are separated from one 
another by great unconformities. These groups will be discussed in the 
order given, which is that of relative age. 

The pre-Cambrian rocks are the oldest in the district and have been 
extensively altered by dynamic regional metamorphism and by the intru- 
sion of large masses of igneous rocks. In many instances they have been 
so completely metamorphosed that it is difficult or impossible to discover 
the character of the original sediments. For the most part these rocks 
have a fairly uniform strike in a northeast and southwest direction, and 
dip toward the east at angles varying from 45 to 90 degrees. 

The Ordovician sediments are next in age to the pre-Cambrian rocks, 
but are separated from them by a long time interval, and are much less 
metamorphosed. The beds of this formation have been extensively folded 
and faulted, and while they mostly dip at steep angles, there is not the 
same uniformity in this respect as in the older sediments; the dip of the 
Ordovician beds changes suddenly within short distances, while the pre- 
Cambrian rocks are nearly isoclinal in dip. 

The Triassic sediments constitute the youngest formation of the area, 
unless the recent alluvium, deposited in the larger valleys, is taken into 
consideration. ‘The Triassic rocks have not been subjected to the crustal 
movements which have metamorphosed the older rocks, and since they 
have never been deeply buried, they are only partly consolidated. The beds 
dip gently in various directions and have been only slightly disturbed by 


minor faulting. 
PRE-CAMBRIAN. 


General Statement. 

In the absence of direct fossil evidence, the correlation of the rocks 
which have been mapped as pre-Cambrian must rest entirely on lithologic 
and structural grounds. It is known that the Proterozoic era in North 
America was brought to a close by great crustal movements, and wherever 
the rocks belonging to this period have been observed in the Piedmont 
region, they show the effects of intense dynamic metamorphism. The chief 
-evidence of the pre-Cambrian age of the older rocks, in the area under 
consideration, is furnished by their relatively high degree of crystallinity 


~ 
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and extremely schistose structure as compared with the rocks a short 
distance to the west, which are believed to be Cambrian in age. (See 
Geological Map of Virginia.) 

The great age of these rocks is also evidenced by the long period of 
time intervening between their formation and the deposition of the Arvonia 
slates, upper Ordovician (Cincinnatian) in age, which are the oldest rocks 
in the area known to be fossil-bearing. After the pre-Cambrian sediments 
were laid down, they underwent the profound changes which resulted in 
their metamorphism; they were intruded by great masses of igneous rocks ; 
and finally, sufficient time elapsed for erosion to remove a large amount 
of overlying material, and expose the intrusive granite and other rocks of 
‘the anamorphic zone; and ail of this happened prior to the deposition of 
the Ordovician sediments. 

The subdivisions of the pre-Cambrian series in this district must be 
based, in the absence of fossils, entirely on lithologic grounds. It is not 
even possible to state definitely which beds were laid down first or which 
were laid down last. The rocks have all been extensively altered by regional 
metamorphism and are entirely crystalline, so that it is frequently difficult 
to determine their original character; and in some instances, especially in 
the vicinity of later intrusives, it is impossible to distinguish between those 
that are igneous and those that are sedimentary in origin. The principal 
rock types are quartzites, schists, and gneisses, varying in texture and 
mineral composition; and rocks occur that are intermediate between the 
more important varieties. In fact nearly all gradations exist between the 
different extremes in mineral composition. 


Quartzite. 


GENERAL CHARACTER AND DISTRIBUTION. 


Quartzites are fine-grained, siliceous rocks, originally deposited as beds 
of sand and later firmly cemented through metamorphic agencies. Some 
of the pre-Cambrian quartzites in this area are very pure, consisting almost 
exclusively of quartz, but usually there is more or less mica and chlorite 
present in small flakes, and with increase of these minerals the rocks grade 
into mica schists. In places the quartzites are highly ferruginous, con- 
taining considerable percentages of hematite and magnetite, and at several 
localities the iron content is so high that the beds have been prospected for 


aWatson, Thomas L., Geological Map of Virginia, Virginia Geological Survey, 
1911. 
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iron ore.- The quartzites also contain variable but usually unimportant 
amounts of feldspar, small inclusions of zircon, ilmenite, and rutile 
needles; and near igneous contacts, such minerals as garnet, hornblende, 
sillimanite, and cyanite are occasionally present in the impure varieties. 

Since they are strongly resistant to erosion, the quartzites commonly 
outcrop along the ridges, and in places where the larger streams cut 
through such ridges the valleys are narrower, being frequently enclosed by 
cliff-lke bluffs, while rapids are present in the channels. The residual 
soils resulting from the disintegration of the quartzites are sandy and 
infertile. 

Most of the quartzite beds are less than 20 feet in thickness but some 
of them measure over 200 feet. They are frequently lenticular in shape, 
pinching out along the strike and dip, though some of the more persistent 
beds can be traced for a distance of several miles. The quartzites are the 
most widely distributed of all the rocks in the pre-Cambrian series of 
altered sedimentaries, yet, owing to the high inclination of these beds they 
do not form extensive areal formations. 

The beds of quartzite are commonly mistaken for quartz veins and 
much money has been wasted in sinking pits to prospect them for gold. 


DETAILS OF OCCURRENCES. 


Bremo Bluff—The most prominent exposures of quartzite occur on 
either side of James River just above the railroad station at Bremo Bluff. 
Here within a distance of half a mile there are a number of beds, ranging 
up to 200 feet and over in thickness, which are interbedded with fine- 
grained schists, the strike of the formations being about N. 20° E., and 
the dip 80° to 90° east. The largest beds of quartzite outcrop near the 
Bremo bridge over James River, and in passing westward they become 
successively thinner and more impure until they entirely disappear. 

Because of their great resistance to erosion the larger beds of quartzite 
form a ridge, having an elevation of about 150 feet above the floor of the 
valley; and where this ridge is cut through by the river, it terminates in 
abrupt cliffs (see Pl. III, figs. 2 and 3), and the valley is much narrower 
than it is a short distance above and below (see map, fig. 2). The ledges 
of quartzite outcrop in the bed of the river, causing the rapids shown in 
Pl. III, figs. 1 and 2. The piers supporting Bremo bridge are built on 
one of these outcrops. 
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The quartzite is a fine-grained, close-textured rock, light gray in color 
when fresh, turning to light brown upon weathering, and where purest is 
nearly massive. The crustal movements, which have intensely meta- 
morphosed the softer rocks with which they are interbedded, have scarcely 
affected the quartzites. Close inspection, however, shows a slight schis- 
tosity parallel to the bedding, and this becomes more conspicuous where 
the rocks are less pure. Fine flakes of sericite, chlorite, and biotite, and 
more rarely a little magnetite, pyrite, and garnet are the principal mineral 
impurities that may be detected megascopically. 

In places the quartzites contain numerous small angular cavities 
arranged in bands or zones parallel to the bedding, and some of these are 
filled with calcite. The shape and distribution of these holes suggests 
that they may be due to fossils, possibly brachiopods, but if so they are so 
badly distorted as to make identification impossible. Quartz veinlets, 
averaging less than an inch in thickness, occasionally cut the quartzite, 
and some of the veinlets contain calcite. 

Examined in thin sections under the microscope, the quartzite (Spec. 
452) consists chiefly of small grains of quartz, nearly uniform in size, 
which fit closely together as in a mosaic. Dust-like inciusions are plenti- 
ful, especially near the border portions of the grains. The quartzite has 
evidently undergone considerable recrystallization, with possibly some en- 
largement of the original grains by the addition of quartz in parallel 
orientation; and the border inclusions probably represent iron oxide and 
other interstitial material which has become incorporated in the enlarged 
grains. Garnet occurs in small, irregular grains which are much fractured 
and partly altered to chlorite. Numerous small flakes of sericite are 
present, probably derived chiefly from argillaceous material, and there is 
also a little plagioclase and orthoclase feldspar, some of which shows 
partial alteration to sericite. Chlorite occurs in small, dark green flakes, 
and other minor accessories are biotite, light brown to green in color, a 
few small grains of magnetite and pyrite, and minute, colorless inclusions 
of zircon. ‘The quartz shows very little optical distortion, possibly because 
of the extensive recrystallization. 

Tellurium mine—The so-called “Big Sandstone” vein, at the Tel- 
lurium mine, is a bed of quartzite cut by gold-bearing veinlets and slightly 
mineralized by the vein-forming solutions. This bed of quartzite varies 
up to 6 feet or more in thickness and can be traced for a distance of 3 


a@The numbers placed in parenthesis refer to field specimens and microscopic 
thin-sections, which are on file at the office of the Virginia Geological Survey. 
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Fig. 1—Looking up James River from Bremo bridge. Rapids due to quartzite beds. 
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Fig. 2.—Quartzite cliffs near north end of bridge. Looking northeast. 





Fig. 3.—Nearer view of quartzite cliffs on north side of James River. Bremo Bluff. 


PRE-CAMBRIAN QUARTZITE AT BREMO BLUFF. r 
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miles or more along its line of strike. The rock is white to light gray in 
color, when fresh, with a slightly pinkish tinge on weathering. It is quite 
free from impurities other than sericite, which is the only accessory 
mineral that can be distinguished with the naked eye. For a detailed 
microscopic description of this rock see pages 161-163. 

_ London and Virginia mine—At the London and Virginia mine there 
is a similar bed of quartzite, which in places is heavily impregnated with 
pyrite and more or less gold. This bed of quartzite ranges up to 20 feet 
or more in thickness, and the series of outcrops and prospect pits located 
along its line of strike indicate that it is practically continuous for a 
distance of 10 or 12 miles. Specimens of this quartzite from the London 
and Virginia and the Bondurant mines are described on pages 189 and 
193-194, respectively. — 

Ferruginous Quartzite. 


GENERAL CHARACTER AND DISTRIBUTION. 


The ferruginous quartzites consist essentially of quartz, hematite, and 
magnetite. These three principal constituents vary greatly in their rela- 
tive proportions, but quartz is usually dominant, though locally the iron 
oxides may constitute 80 or 90 per cent. of the mass. Some of the iron- 
bearing quartzites contain a little sericite and biotite, and with the increase 
of these minerals the rocks pass into ferruginous schists. 

The ferruginous quartzites are of more frequent occurrence than the 
pure quartzites, and are found interbedded with the other sedimentary 
rocks in almost every portion of the pre-Cambrian area. 


DETAILS OF OCCURRENCES. 


Webb tract—On the Webb tract, about three-quarters of a mile south- 
west of Lantana, a bed of ferruginous quartzite has been prospected for 
iron, and is exposed in several surface pits that have been sunk. The bed 
is over 6 feet in thickness, has an approximate strike of N. 45° E., and 
dips southeast at an angle of about 25°. It is interbedded with arkosic- 
gneisses, quartz-sericite schists, and other beds of quartzite. 

The rock is fine-grained, even-granular, and, when fresh, is brownish- 
gray in color, turning to dark brown or black on weathering. It is com- 
posed essentially of quartz, specular hematite, and magnetite, but a little 
sericite may sometimes be recognized with the aid of a lens. It is slightly 
gneissic in structure, because of some recrystallization, accompanied by a 
partial segregation of the quartz and iron ores into narrow bands parallel 
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to the bedding and schistosity. The magnetite in these segregated bands 
or layers, which are usually 3 mm. or less in thickness, is somewhat coarser 
than that in the rest of the rock. 

The quartzite is cut by numerous irregular quartz stringers, ranging 
up to 3 or 4 inches in width, and, for the most part, conforming to the 
strike of the enclosing rock. These quartz veinlets in places contain plates 
of micaceous hematite. Near the veinlets the quartzite seems to have been 
leached of some of its iron content. 

Examined in thin section (Spec. 95) under the microscope, the 
quartzite shows a slightly schistose structure due to the partial arrange- 
ment of the iron ores in parallel lines. The quartz grains average about 
0.25 mm. in diameter, and fit closely together, interlocking almost per- 
fectly, but there is no evidence of granulation or optical distortion. The 
quartz individuals contain numerous small, dark red crystals of martite, 
the isometric form of hematite, which usually occur in well-formed octa- 
hedrons and are probably secondary (pseudomorphous) after magnetite. 
The larger masses of iron oxide are present between the quartz grains, 
and are frequently arranged in irregular, broken lines. Occasional hex- 
agonal outlines show that a large proportion of the oxide is hematite, but 
much magnetite is also present. The fact that the quartz individuals in 
immediate contact with these larger masses of iron ore are practically free 
from the small inclusions, indicates that both the quartz and the iron 
ores have undergone recrystallization, accompanied by a partial segrega- 
tion of the latter into larger masses. In places the iron ores are partly 
altered to limonite, and the boundaries between the quartz grains fre- 
quently show limonite staining. Considerable garnet (probably chiefly 
spessartite) is present, usually occurring as an interstitial fillmg between 
the quartz grains, and frequently along the contact between quartz and 
the iron ores. It is evidently secondary in origin, and, in some instances, 
appears to have partly replaced the quartz. The garnets are usually full 
of small dust-like inclusions, and more or less stained with limonite. 
Small, light green to colorless inclusions of zircon are common but not 
abundant. 


The Ayre tract—On the Ayre tract, 3.5 miles east of Dillwyn, a large 
bed of ferruginous quartzite has been extensively prospected for iron ore 
by several shafts and open cuts. One of the shafts is 40 or 50 feet deep, 
the others being somewhat less. 

The quartzite outcrops boldly, in places standing 6 to 8 feet above the 
surrounding surface, and along most of its course follows the crest of a 
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ridge. The outcrops vary in width up to 200 feet or more, and the bed 
can be traced for over half a mile in a direction about N. 45° E. 

The rock is essentially the same, both megascopically and microscopic- 
ally, as that described above. Some of it is slightly coarser grained, and 
octahedral crystals of magnetite 0.5 mm. in diameter can be distinguished 
in hand specimens. Sericite is sparingly present. 

Spessartite is occasionally present in the quartzite, occurring in ir- 
regular and more or less angular masses that range up to a foot or more 
in diameter. ‘These masses are reddish-brown in color, with a waxy luster, 
and the weathered surface shows irregular, hackly cracks. Under the 
microscope (Spec. 420) the garnet is even-textured with few fractures 
and is seen to be full of extremely small inclusions. A few scattered 
grains of hematite are present, and with them there is often associated a 
little chlorite in fine, green shreds. The garnet is more or less stained 
by limonite. 

The quartzite is cut by numerous stringers of vein quartz, frequently 
containing prisms of black tourmaline; and one specimen was found in 
which radiating clusters of tourmaline had penetrated the quartzite to a 
depth of about 0.5 cm. A large amount of tourmaline is present on the 
surface near the outcrops. A number of other occurrences of iron-bearing 
quartzite are reported southwest of this locality, in the vicinity of Willis 
Mountain. 


The Scotia mine.—On the Scotia mining property, a bed of ferruginous 
quartzite, known as the Hodges vein, has been prospected for gold. The 
quartzite is cut by a number of small, gold-bearing veinlets, and has been 
slightly mineralized by the vein-forming solutions; otherwise it is identical 
with the other ferruginous quartzites of the district. The development 
work that has been carried out is sufficient to expose the marked lenticular 
shape of the deposit (see fig. 16, p. 171). A megascopic and microscopic 
description of the rock is given on pages 171-172. 

Other localities—Ferruginous quartzites occur at numerous other 
localities within the area mapped and thin sections from a number of 
them have been studied under the microscope, but as all of these are 
essentially the same, they will not be described in detail. At Cassell’s 
mine 2 miles northeast of Caledonia a bed of iron-bearing quartzite 8 feet 
or more in thickness has been prospected by a surface pit. The rock ex- 
posed seems to have undergone greater recrystallization than most of the 
similar deposits in the area. It is described in detail on pages 174-175. 

Ferruginous quartzite outcrops along the road three-quarters of a mile 
south of Stage Junction, where the bed has a strike of about N. 20° E. 
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Another occurrence is located on the road from Stage Junction to Pryors 
Crossroads, at a point three-quarters of a mile northeast of Big Byrd 
Creek. Outcrops also occur near the road between Palmyra and Wilm- 
ington, at Fork Union, and at several points in the vicinity of the Hughes 
mine. At the last-named locality some of the specimens have the appear- 
ance of hematite breccias recemented with magnetite and hematite. 


Garnetiferous Quartzites. 


GENERAL CHARACTER AND DISTRIBUTION. 


Garnetiferous quartzites occur at several places in the district and are 
believed to be due to the metamorphic action of igneous intrusive rocks on 
impure quartzites. Chemical tests prove that the garnets are the iron- 
aluminum variety known as almandite. Sillimanite and sometimes a little 
cyanite are also present in association with the garnet. These rocks 
usually contain more or less hematite, magnetite, and sericite, and pass 
by gradation into the schists with which they are interbedded. 

This type of rock has a limited distribution and was found only in the 
vicinity of contacts between the pre-Cambrian sediments and the intru- 
sive granite. 

DETAILS OF OCCURRENCES. 


Lantana.—A bed of garnetiferous quartzite outcrops at Lantana, and 
for a mile southwest of the postoffice the road to Columbia follows approx- 
imately along the strike of this bed. It was traced in a northeast and 
southwest direction for a total distance of about 4 miles. ‘The bed is 
probably not more than 10 or 15 feet thick and is usually much thinner. 


The rock is banded in light and dark layers which range up to 2 or 3 
inches in thickness. These layers.are parallel to the bedding, the dark 
ones being composed largely of garnets while the light ones are chiefly of 
quartz. Radiating needles of sillimanite are common in places, and a 
little cyanite was identified. The garnets are dark red to brown in color, 
ranging up to about 0.5 cm. in diameter, but show very poor crystal form. 
Under the microscope (Spec. 96) they are seen to be full of small inclu- 
sions consisting of quartz and oxide of iron. ‘These inclusions are 
elongated and arranged in lines approximately parallel to the bedding. 
The garnets are much fractured, and are stained by limonite which also 
coats many of the quartz grains. The quartz shows evidence of consider- 
able optical distortion and of extensive recrystallization. Near the garnets 
the grains of quartz are sometimes arranged in bands that pass 
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around these crystals. There are a few flakes of sericite present, and the’ 
only other constituent noted was a soft white mineral that occurred as a 
coating and filled small cavities. It is probably some form of amorphous 
silica. 

Weathered specimens of this rock often exhibit a hard surface crust 
having a rich reddish-brown color due to the presence of hematite, the iron 
of which has been leached from the partly decomposed minerals within, 
and reprecipitated near the surface. 

The quartzite is interbedded with and grades into a fine-grained quartz- 
sericite schist. 

Stage Junction.—A bed of garnetiferous quartzite outcrops in the road 
about half a mile northeast of Stage Junction. It is more schistose than 
the rock near Lantana, but is otherwise the same. 


Hornblende-Bearing Quartzites. 


Quartzites containing a few crystals of dark green hornblende occur 
at several localities close to the contact with the large area of intrusive 
granite, but they are of very limited distribution and therefore unimpor- 
tant. ‘The rocks placed in this classification are intermediate between the 
normal quartzites and the hornblende schists. 

On the Columbia-Lantana road, three-quarters of a mile west of the 
bridge over Big Byrd Creek, there is an outcrop of hornblende-bearing 
quartzite. The rock contains blade-like crystals of hornblende, dark green 
to black in color, and ranging up to 3 mm. in diameter, which are em- 
bedded in an even-granular ground-mass of quartz with a few scattered 
crystals of garnet and sillimanite. A similar rock was found at the 
Margaret mine near New Canton (see p. 250). 

A fine-grained quartzite containing scattered prismatic crystals of 
dark green hornblende is exposed on the east side of Randolph Creek, 
where it is crossed by the road running from Lawford to Gold Hill. A 
similar rock was noted near Hatcher Creek about 3 miles west of Hatcher. 


Quartz-Sericite Schist. 


GENERAL CHARACTER AND DISTRIBUTION. 


Schists composed essentially of quartz and sericite in varying propor- 
tions are of common occurrence in all portions of the pre-Cambrian series 
of sedimentary rocks, and constitute one of the most important rock types 
of the area. In texture these schists range from fine to medium coarse- 


24 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


| grained, and in composition from sericite-bearing quartzites to rocks in 
which the mica is dominant. The finer grained varieties, containing much 
sericite, were described by the early geologists under the name of talcose 
schists. The coarser varieties, in which quartz is dominant, are very 
resistant to erosion and therefore frequently form the ridges and other 
higher elevations, outcropping with considerable prominence. ‘The quartz- 
sericite schists pass by gradation into the sericite-bearing gneisses, cyanite 
schists, and the ferruginous as well as the pure quartzites. Nearly all the 
schists found in this region contain more or less sericite, and there are 
numerous rocks intermediate in mineral composition between the quartz- 
sericite schists and most of the principal varieties. 


GENESIS. 


The positive evidence of bedding and the gradation of the quartz- 
sericite schists into rocks, such as the quartzites, which are necessarily 
sedimentary in origin, leave no doubt as to the manner in which the 
schists were originally formed. ‘The beds were probably laid down in 
shallow waters near the shore, partly in the form of quartz-feldspar sands 
and argillaceous sands, and partly in the form of finer sediments, possibly 
white clays. The present character of the rocks is due to their alteration 
under dynamic conditions in the zone of anamorphism, and certainly in 
some cases the change has been aided by the intrusion of the large granite 
magmas. 

DETAILS OF OCCURRENCES. 


Big Byrd Creek.—On the east bank of Big Byrd Creek, three- 
quarters of a mile south of Bowles’ bridge, and 114 miles east of Stage 
Junction, there is an exposure of quartz-sericite schist in which the 
ratio of quartz to sericite is so great that it is almost a quartzite. The 
rock (Spec. 33) is fine-grained and white to light yellow in color when 
not stained pink and red by oxides of iron. It is highly laminated parallel 
to the schistosity, showing well-marked layers which are slightly folded 
and crumpled. ‘The minerals distinguishable under the microscope are 
quartz, sericite, a little feldspar, and occasional inclusions of zircon. The 
quartz grains fit closely together and show little optical distortion. The 
feldspars are chiefly acid plagioclase and in places they show partial alter- 
ation to sericite. Most of the mica flakes are perfectly oriented parallel 
to the schistosity. 

Lantana.—For a distance of 500 or 600 yards southeast of Lantana the 
road passes across a belt of quartz-sericite schist, and this belt may be traced 
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for 4 or 5 miles along its line of strike in a northeast and southwest 
direction, but in places it contains interbedded lenses of quartzite and 
other rocks. The schist (Spec. 42) is white to light gray in color, where 
not stained with iron, and usually fine-grained. Quartz is dominant over 
sericite, the flakes of which are all oriented parallel to the schistosity, so 
that when the rock is examined on surfaces at right angles to the cleavage 
it has the appearance of a quartzite rather than a schist. It is slightly 
banded, due to variation in the relative proportion of the quartz and 
sericite, and the layers show minor crumpling and folding. 

A specimen (100) obtained from an outcrop 214 miles northeast of 
Lantana, upon examination in thin section under the microscope, shows 
a little orthoclase and acid plagioclase feldspar, and occasional fluid 
inclusions and rutile needles. The feldspars show partial alteration to 
sericite and are much kaolinized. 

About a mile northeast of Lantana occurs a rock which is intermediate 
in composition between the quartz-sericite schists and the ferruginous 
quartzites. It is a fine-grained schist, bluish-gray in color, in which few 
of the minerals can be distinguished by the naked eye. In thin section 
(Spec. 89) under the microscope it is seen to consist essentially of quartz, 
hematite, and sericite, with a few scattered crystals of nearly colorless 
amphibole and possibly a little cyanite. The quartz grains are irregular 
in shape, fit closely together, and show some optical distortion. The 
hematite is chiefly of the micaceous variety. : 


New Canton-Dillwyn road.—There are numerous outcrops of quartz- 
sericite schist along the ridge road leading from New Canton to Dillwyn. 
This rock is slightly coarser grained than the schists previously described, 
and the schistosity usually has a crinkled or corrugated appearance. It is 
light greenish-gray to white in color, where not stained various shades of 
pink by iron oxides, and is composed essentially of quartz and white mica, 
with a small amount of light green chlorite, and occasional specks of 
specular hematite. It is very resistant to erosion and therefore outcrops 
prominently and forms the watershed between the streams flowing into 
Hunts Creek and Slate River, and those flowing into Phelps Creek and 
Willis River. Locally the schist is called mountain rock, because of its 
occurrence along the summits of the higher ridges. 

A similar rock outcrops on Tower Hill, 244 miles south of Alpha and 
314 miles east-northeast of Dillwyn, and also on the slopes of Willis 
Mountain. 

London and Virginia mine.—A fine-grained quartz-sericite schist is 
exposed at the London and Virginia mine and at the other mines that 
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have been opened along the strike of the same vein. In this rock the per- 
centage of sericite is high and is possibly dominant over the quartz. ‘The 
schist, as well as the quartzite with which it is interbedded, has in places 
been heavily impregnated with pyrite. A detailed megascopic and 
microscopic description of the rock is given on page 186. A similar rock 
occurs in the mines near New Canton, and is especially prominent at the 
Hudgins mine (see p. 256). 

Bondurant mine.—A quartz-sericite schist, which was found on the 
dump at the Bondurant mine, contains small lenticular eyes of light-blue 
opalescent quartz. This variety of the schist is similar to the hand speci- 
men (211) obtained from the Scotia mine and described on page 170. 

Other localities—Quartz-sericite schist is present along the road 3 
miles northwest of Ca Ira and parallels the contact with the granitic rocks 
on the east for a distance of several miles in a northeast and southwest 
direction. It occurs in the road 2 miles south of Kent’s Store, and also a 
quarter of a mile northeast of Byrd Creek on the road between Stage 
Junction and Pryors Crossroads; it outcrops on Byrd Creek, 114 miles 
north of Grays Mill, and in the road three-quarters of a mile south of 
Carysbrook; and it was noted along the road 14% miles south of Gravel 
Hill. There are numerous other occurrences in the area, but these are 
sufficient to show the wide distribution of this rock type. 


Cyanite Schists. — 


GENERAL CHARACTER AND DISTRIBUTION. 


The cyanite schists are composed chiefly of quartz, cyanite, and sericite 
or muscovite, and the relative proportions of these constituents vary 
within wide limits. There are all gradation from a rock composed almost 
entirely of cyanite, to one composed chiefly of coarse-grained quartz with 
only scattered prisms of cyanite; and these schists pass by gradation into 
quartz-sericite schists in which cyanite is sparingly present or entirely 
absent. Cyanite is also present in some of the gneisses that have been 
intensely metamorphosed (see pp. 133 and 136-138). 

The distribution of these schists is very limited and only two 
occurrences are known within the limits of the area mapped—one at 
Willis Mountain, and the other on the Trent farm, 314 miles southeast 
of Gravel Hill and 3 miles southwest of Hatcher. Similar schists have 
been described from the northwest corner of Charlotte County, about 25 
miles southwest of Willis Mountain, and it is interesting to note that in 
each instance rutile is a prominent minor constituent.@ 


aWatson, Thomas L., and Watkins, J. H., Association of Rutile and Cyanite 
from a New Locality, Amer. Jour. Sci., 1911, vol. xxxii, pp. 195-201. 
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While cyanite is softer than most rock-forming minerals, it is almost 
unalterable, and therefore the cyanite schists are extremely resistant to 
the agents of decomposition, and outcrop boldly at each of the localities 
in this section. 

GENESIS. 


The structural relations of the cyanite schists, wherever observed, are 
indicative of a sedimentary origin, and, moreover, cyanite is not known to 
occur as a pyrogenetic mineral. The chemical composition of these schists, 
consisting chiefly of alumina and silica, suggests that they must have been 
derived from kaolin or very argillaceous sediments, and this view is sup- 
ported by the unusually high titanium content. Van Hise has called 
attention to the concentration of titanium in shales and other fine-grained 
sedimentary rocks. The metamorphic minerals composing these schists 
were produced in the anamorphic zone under conditions of dynamic 
regional metamorphism, but the location of both occurrences, not far from 
large areas of intrusive granites, suggests that contact action may have 
been an influential factor in bringing about the alterations. Evidence in 
favor of the latter hypothesis is furnished by the variation in the character 
of the schist in the vicinity of a peculiar diorite dike, which occurs on the 
southern slope of Willis Mountain, and by the great abundance of tourma- 
line, chiefly in association with vein quartz, found near the base of the 
mountain. ‘The absence of cyanite, sillimanite, and similar minerals from 
most of the contact rocks is probably due to the presence of iron, mag- 
nesium, and the alkalies, which have resulted in the formation of 
amphibole and mica rather than the pure aluminum silicates. 


DETAILS OF OCCURRENCES. 


Willis Mountain.—The topographical features of Willis Mountain are 
described on pages 89-91, the formation of the narrow ridge being attributed 
to the structural and lithologic character of the bed of cyanite schist 
which outcrops along the summit. This rock was described under the 
name of “‘kyanitic gneiss” by Rogers, who states that it “differs from all 
in its vicinity, and appears to have been elevated from below through the 
surrounding slates;”® but the present writer saw nothing to indicate that 
faulting has been a factor in the formation of the mountain. The rocks 


aVan Hise, C. R., A Treatise on Metamorphism, Mono. xlvii, U. S. Geol. Survey, 
1904, pp. 974-975. 

bRogers, W. B., Geology of the Virginias, 1884, pp. 314-315. (See also pp. 71-72 
and 290-291.) 
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that constitute Willis Mountain offer greater resistance to erosion than 
any of the other rock types found in this region, and the gradual erosion 
of the softer rocks has left this ridge standing as a monadnock high above 
the level of the Piedmont peneplain. The rugged and cliff-like nature of 
the outcrops near the summit of the mountain is shown in PI. IV, fig. 1. 

The cyanite schist of Willis Mountain varies in texture according to 
the relative proportions of the two principal constituents—quartz and 
cyanite—and passes by gradation into the quartz-sericite schists with 
which it is interbedded. In places the rock is composed dominantly of 
cyanite, in large-bladed crystals, white to light gray or bluish-gray in color, 
and there are only minor amounts of quartz and sericite, the latter being 
sometimes practically absent; but elsewhere medium-grained saccharoidal 
quartz is predominant, with small prisms of cyanite scattered through the 
ground-mass. Rutile, occurring in small bright red grains disseminated 
indifferently through the other minerals, is the only remaining constituent 
which is ordinarily present, though tourmaline may occasionally be seen. 

The cyanite crystals range up to 7 or 8 cm. in length, and on the 
weathered surface stand out in high relief. Under the microscope (Spec. 
386) the mineral is colorless, frequently shows a slightly radiating texture, 
the cleavage is well developed, and occasionally there is a little alteration 
to sericite along the cleavage planes. Numerous irregular grains of rutile 
are present as inclusions, being usually arranged with their longer 
diameters parallel to the cleavage planes of the cyanite. The dominantly 
cyanitic variety of the schist has a noticeably high specific gravity. 

On weathered surfaces the rock is often deep red to purple in color and 
much harder than at a distance of a few inches within the interior. This 
is due to the solution of the small amount of iron originally present, and 
its transportation by capillary attraction to the surface, where it is re- 
deposited by evaporation, partly in the form of limonite and partly as 
hematite. 

On the southern slope of Willis Mountain, in the immediate vicinity 
of a diorite dike, the cyanite schist has been extensively altered with the 
production of new minerals, such as light brown biotite, nearly colorless 
chlorite, plagioclase feldspar, and calcite. The rock is heavily impregnated 
with pyrite, and about 40 years ago two shafts were sunk in this material 
in prospecting for copper. The rock is described in greater detai] on 
page 114. 


Trent farm.—On the Trent farm, 314 miles southeast of Gravel Hill 
and 3 miles southwest of Hatcher, there is a dike-like ledge of cyanite 
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Fig. 1.—Cyanite schists outcropping near summit of Willis Mountain. 





Fig. 2—Cyanite schists outcropping on the Trent farm. 


OUTCROPS OF CYANITE SCHIST. 
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schist which outcrops for several hundred yards along the crest of a low 
ridge. It is 3 to 12 feet wide and in places stands 8 or 10 feet high, 
resembling a stone wall (see Pl. IV, fig. 2), and, indeed, it has been used 
as part of a fence to restrain cattle. This bed of schist has a strike of 
N. 10° E. and dips 30° to 40° E. 

The rock is a heavy, compact schist, pink in color, and composed 
essentially of cyanite, quartz, and sericite. The cyanite occurs in flat- 
bladed prisms ranging up to 2 or 3 em. in length, the quartz is medium- 
grained with a saccharoidal texture, and the sericite is present in small, 
glistening flakes. Hxamined under the microscope (Spec. 393), the 
cyanite is colorless, occasionally shows polysynthetic twinning, and in 
places is partly altered to sericite. Rutile is sparingly present in small 
grains, and a little titanite was noted in some of the quartz individuals. 
Fairly well formed zircons are also present as small inclusions in the 
quartz, and there is a little limonite, partly occurring as a stain on the 
other minerals. 

The cyanite schist is interbedded with a medium-grained quartz-sericite 
schist (Spec. 394), white when fresh, and light brown to pink when stained 
with iron. Examined under the microscope, cyanite is seen to be present 
as a subordinate constituent and frequently shows multiple twinning with 
indefinite boundaries between the twins. Limonite is present as a stain 
along the contacts between the individual minerals, and also occurs in 
minute spherulites. A few inclusions of zircon are present in the quartz. 


Knotted Schists. 


GENERAL CHARACTER AND DISTRIBUTION. 


Knotted schist is the name given to a series of fine-grained rocks, com- 
posed essentially of quartz, sericite, chlorite, and biotite, in which there 
are numerous pseudophenocrysts of garnet, biotite, carbonate, or pyrite— 
the latter minerals being of later formation than the schistosity of the rock. 
These large crystals were formed under mass static conditions, after the 
movements which produced the cleavage of the rock had ceased, for they 
show absolutely no parallelism in their orientation. They began to 
crystallize about favorable nuclei, and as they grew, the folia of the schist 
were gradually pushed aside, so that lenticular eyes or knots were formed, 
about which the enclosing folia are smoothly curved. The development of 
these minerals furnishes a very pretty illustration of the force exerted by 
growing crystals. 
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When the knotted schists are examined in thin sections under the 
microscope, it is seen that the minerals of the ground-mass have made 
room for the crystals of later growth partly by bending and partly by 
recrystallization. The micaceous minerals of the ground-mass are imper- 
fectly arranged in thin layers or bands, which alternate with layers com- 
posed of quartz grains elongated parallel to the schistosity. Opposite the 
pseudophenocrysts, the layers of mica are pushed close together (see Pl. V, 
fig. 1, and fig. 21, p. 227), while the quartz which has been removed from 
these points has recrystallized in the ends of the lenticular eyes. In other 
words, the quartz has acted very much as ice does under pressure—it has 
gone into solution where the pressure was greatest and recrystallized where 
the pressure was least; and this transfer of material was undoubtedly 
brought about by the small amount of interstitual water present in the 
rock. In recrystallizing, the quartz grains have been partly arranged with 
their greater diameters oriented in directions pointing toward and away 
from the pseudophenocrysts, so that in thin sections cut parallel to the 
schistosity the quartz grains surrounding one of these larger crystals have 
a radiating texture (see Pl. V, fig. 2, and fig. 22, p. 228). 

The particular kind of mineral present in the lenticular knots seems 
to vary with their distance from the contact of the sedimentaries with the 
later granite intrusives; near the contact garnets are present, farther 
away biotite crystals take the place of the garnets, and at greater distances 
impure crystals of siderite form the chief constituent of the lenses. ‘These 
facts will be considered at greater length in the detailed descriptions of 
individual occurrences and in the discussion of metamorphism (see p. 107). 

The knotted schists always have a fine-grained ground-mass, and in 
places they closely approach slates, both in fineness of texture and in per- 
fection of cleavage—in fact they have commonly been described as slates; 
but, since the principal mineral constituents can usuallv be distinguished 
with a pocket lens, it has been thought best in this report to classify them 
all as schists. 

The knotted schists constitute one of the most important members of 
the pre-Cambrian series of sedimentaries, and have a maximum thickness 
of perhaps 5,000 feet or more. They are interbedded with the other schists 
and quartzites, and are found in three principal belts. These belts are 
described below in detail. 

DETAILS OF OCCURRENCES. 


New Canton.—The best exposures of the knotted schists are furnished 
by the bluffs along the south side of James River in the vicinity of New 
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Fig. 1—Photomicrograph of biotite-bearing knotted schist; thin section cut perpen- 
dicular to the schistosity. With analyzer. Magnified 27 diameters. See page 


32. Specimen No. 307. 





Fig. 2.—Photomicrograph of garnetiferous knotted schist; thin seetion eut parallel 
to the schistosity. With analyzer. Maenified 27 diameters. See page 168. 
Specimen No. 178. Tellurium Mine, 


PHOTOMICROGRAPHS OF KNOTTED SCHISTS. 
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Canton. Here the schists are interbedded with the quartzites described 
on pages 16-18, and the whole formation is upturned so that the beds are 
now dipping almost vertical. The average strike is about N. 20° E. 

On the east, these schists extend almost to the railroad bridge over 
Phelps Creek, where they pass into the belt of hornblende schists that 
occurs along the contact between the granite and the older sedimentaries. 
This contact and the rocks in its vicinity are described in detail under 
contact metamorphism on pages 107-112. Near the bridge over James River 
the schists are interbedded with several beds of quartzite, and west of 
these the schists continue as far as the belt of Ordovician sedimentaries. 
The total breadth of the formation is nearly 114 miles and the whole series 
is apparently conformable, though it is possible that there has been some 
close folding resulting in repetition of beds. 

The river bluffs and the railroad cuts along the line of the Bucking- 
ham Branch of the Chesapeake and Ohio Railway, furnish an almost 
continuous exposure across the entire formation. The schists on the west 
side will be described first, as these are farthest from the contact with the 
granite, and then the variations that are encountered in passing eastward 
across the formation will be considered in detail. 

The rock exposed 1,200 yards west of Bremo bridge and about 2,000 
yards west of the contact with the granite, is a fine-grained knotted schist 
(Spec. 445), dark bluish-gray in color, containing lenticular eyes of im- 
pure siderite ranging up to 4 or 5 mm. in diameter. In fineness of texture 
this rock closely resembles the slates of the Ordovician formation, and but 
for the fact that it passes by gradation into the true schists, it would 
probably be preferable to classify it as slate. The rock shows a closely 
spaced fracture cleavage, which intersects the flow cleavage and bedding 
at an angle of nearly 90°. Considerable pyrrhotite is present, sometimes 
forming small lenses, and there are occasional narrow veinlets of calcite. 
The ground-mass is composed essentially of the micas—chiefly sericite, 
quartz, and a little carbonate and iron oxide. 

A specimen (444) obtained from an outcrop about 1,000 yards west 
of the bridge is typical of most of the schist found at a distance from the 
contact. The rock is fine-grained, but is slightly coarser in texture than 
the specimen last described, and the color is a much lighter shade of gray. 
It contains numerous small knots due to the presence of lenticular eyes 
of impure siderite, averaging about 1 mm. in diameter, and a little pyrite 
and pyrrhotite can be distinguished with the aid of a lens. The rock is 
cut by occasional veinlets of calcite, usually less than half an inch in thick- 
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ness, which sometimes show slight symmetrical banding. In thin sections 
under the microscope the lenses of siderite are seen to be stained with 
limonite and to contain numerous inclusions of quartz and a few grains 
of iron oxide and sulphide. ‘The ground-mass is composed essentially of 
quartz, sericite, and carbonate, with lesser amounts of pyrite, pyrrhotite, 
iron oxide, chiefly hematite, acid plagioclase feldspar, dark brown prisms 
of tourmaline, zircon, and a little chlorite. 

Schists that are identical in every way with the specimen just described 
occur within 200 yards of the bridge and are interbedded with the 
quartzites. Near the bridge, which is about 1,000 yards from the contact, 
biotite and chlorite begin to take the place of the siderite in the lenticular 
knots, and it is believed that these changes are chiefly due to the meta- 
morphic action of the granite. From this point eastward the schists show 
rapidly increasing evidence of contact metamorphism. 

A specimen (49)¢% from the bluffs about 25 yards west of the bridge 
is, megascopically, closely similar to the schists already described, but 
under the microscope it may be seen that many of the knots are composed 
of biotite, chlorite, and quartz instead of siderite. Lenses of siderite, 
stained with limonite, are however still present. ‘The ground-mass con- 
tains sericite, quartz, chlorite, biotite, pyrite, iron oxide (hematite?), a 
few small prisms of green and brown tourmaline, zircon, and probably a 
little feldspar. 

A specimen of knotted schist (307) obtained from the bluff 400 yards 
southeast of Bremo bridge and about 800 yards from the contact, contains 
numerous rounded crystals of biotite, averaging 1 to 1.5 mm. in diameter, 
and, rarely, small pink garnets of nearly the same size. The crystals of 
biotite are dark brown to black in color and the direction of cleavage, which 
is independent of the schistosity of the rock, shows no regular orientation. 
They closely resemble the crystals of ottrelite which sometimes occur in 
similar schists. ‘The ground-mass is slightly coarser in texture than the 
specimens previously described, and the minerals—quartz, mica, and 
magnetite—can be distinguished megascopically. 

Under the microscope, as shown in Pl. V, fig. 1, the crystals of biotite 
are seen to have an irregular, ragged outline and a micropoikilitic texture 
due to the numerous inclusions of quartz. In places these inclusions are 
so plentiful that they give to the mica an appearance resembling lace-like 
_network. ‘The biotite is dark brown in color and strongly pleochroic. The 
ground-mass is composed essentially of quartz and sericite with a little 


aSpecimen collected by Dr. T. P. Maynard. 
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chlorite, biotite, less magnetite, and, rarely, plagioclase feldspar. The 
quartz occurs in elongated grains, interleaved with fine shreds of sericite, 
all being perfectly oriented parallel to the schistosity. The small grains 
of magnetite show a similar elongation parallel to the schistosity, and the 
slide also contains clouds of uniformly distributed, dust-like inclusions, 
probably black iron ores, though they are too small to make identification 
positive. The shreds of sericite, over large areas, extinguish simul- 
taneously except where they curve around the large biotite crystals, and 
there the change is gradual. This gives the thin section a brilliant appear- 
ance between the crossed nicols. Where the flakes of sericite curve around 
the biotite crystals they are pushed close together, and the interstitial 
quartz, which has been largely removed from these points, is concentrated! 
immediately in front and behind the biotite, in grains that are somewhat 
larger than those of the ground-mass. 

In passing eastward toward the contact, the crystals of biotite present 
in the lenticular knots gradually give way to garnets, and the ground-mass 
becomes a little coarser. At a distance of about 600 yards southeast of the 
bridge the garnets are numerous and well developed, while the biotite 
crystals are absent or only sparingly present. Within less than 100 yards 
from this point the rocks are close-textured, less easily cleavable, and con- 
tain much hornblende (see p. 109). A specimen in which the garnets: 
greatly predominate over the biotite crystals (319-A) was obtained from: 
the Johnson mine near New Canton, and is described in detail on pages 
254-255. 

Rogers described the schists in the vicinity of Bremo under the name of 
bird’s-eye maple slate. His statement is as follows: 


“After leaving the gneiss and hornblende slate a little below Bremo, 
we come upon heavy vertical beds of a Micaceous slate, in which are multi- 
tudes of half-developed garnets, and sometimes crystals of cubical pyrites. 
—giving to the surface of the rock the appearance of numerous knots, 
around which the fibres of the stone are beautifully curved, so as closely 
to resemble the shading of the bird’s-eye maple.”@ 


The belt of knotted schists, that has just been described, extends from 
the river in a northeasterly direction for a distance of over 6 miles. At 
the Snead mine, a mile north of Fork Union, a knotted schist is exposed 
which contains pseudophenocrysts of both garnet and _ biotite. ~The belt: 
extends as far south as Willis Mountain and possibly much farther, but 
good exposures are seldom found after leaving the river. The belt of 
knotted schists passes just west of Gravel Hill, and crosses the road about 


aRogers, W. B., Geology of the Virginias, 1884, p. 78. 
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114 miles south of Dillwyn. In this southern portion of the area, the 
knots in the schist do not seem to be as well developed as farther north, 
but this may be more apparent than real, for all of the rock examined was 
partly decomposed. 

Strathmore.—On the west side of Bremo Creek, about 1,000 yards west 
of Strathmore, there is an outcrop of knotted schist containing well- 
developed lenticular eyes of siderite. The rock is more schistose than 
the similar schists a mile west of Bremo bridge, but it is otherwise the 
same. It outcrops at several points to the northeast and apparently extends 
for a distance of 5 miles or more in that direction, but on the south side 
of Slate River it was not found. This belt of knotted schists, while 
separated from the one that was first described by the intervening Ordovi- 
cian formation, undoubtedly belongs to the same series and owes its 
present position to folding and faulting. 

The Tellurium schists—The third belt of knotted schists outcrops in 
the road at Shannon Hill and may be traced in a southwest direction 
nearly to Big Byrd Creek. It is best exposed in the underground work- 
ings at the Bowles, Tellurium, and Scotia mines. A representative speci- 
men (178) from the Tellurium mine is described on pages 168-169, and a 
photomicrograph is shown in PI. V, fig. 2. 

Stage Junction.—A bed of micaceous schist, about 300 yards wide, is 
exposed near Stage Junction. It has a strike of N. 20° E., dipping nearly 
vertical, and was traced for over 144 miles. No fresh specimens could 
be obtained, but the weathered material indicates that the rock is similar 
to the knotted schists found elsewhere in the area. 


Hornblende Schists. 


GENERAL CHARACTER AND DISTRIBUTION. 


Hornblende schists, that are unquestionably sedimentary in origin, 
occur at a number of places in the pre-Cambrian area, but the origin of 
many of the hornblende schists is doubtful, and most of them are probably 
derived from igneous rocks. Because of the general character and struc- 
tural relations of these rocks, as well as their distribution relative to the 
later granites, it is believed that the formation of hornblende schists from 
sedimentary rocks’ was due chiefly to contact metamorphism, rather than 
to regional dynamic metamorphism. Hornblende schists are commonly 
present along the contact between the igneous and sedimentary rocks; 
and the few outcrops that were found at a distance from known 
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occurrences of granite, may be explained by lack of exposures, though in 
some localities it is possible that erosion has not yet progressed far enough 
to expose the underlying granite. 

As it is seldom possible to distinguish between the hornblende schists 
that are sedimentary in origin and those that are igneous in origin, and 
as the majority of these rocks belong to the latter class, most of the 
occurrences will be described under igneous rocks. 


DETAILS OF OCCURRENCES. 


New Canton.—One of the best exposures of hornblende schist is fur- 
nished by the bluffs along Phelps Creek in the vicinity of New Canton. 
These schists occur along the contact between the sedimentary schists and 
quartzites on the west, and the granites and their accompanying differ- 
entiates on the east. Since this is the best exposed section crossing the 
contact, and since the schists that are sedimentary in origin grade, without 
noticeable change, into the hornblende schists that represent a basic border 
facies of the granite, a detailed description of all the rocks in the imme- 
diate vicinity of the contact will be given under the discussion of contact 
metamorphism (see pp. 109-112), and nothing further need be said here 
concerning them. These same hornblende schists are well exposed at the 
Johnson mine and are described on pages 248-250 and 255-256. 

Big Byrd Creek—At the horseshoe bend in Big Byrd Creek, three- 
quarters of a mile east of Stage Junction, there is an outcrop of fine- 
grained hornblende schist, which is believed to be sedimentary in origin. 
The strike of the formation at this point is N. 35° H. and the dip is 40° 
S. EH. The schist has a well-developed slaty cleavage, which is so marked 
that it led the owner of the property to prospect the outcrop in the hopes 
of developing good roofing slate. A garnetiferous quartz-mica schist 
occurs on the west side of the hornblende schist, and a short distance to 
the east there are outcrops of quartz-sericite schist. A large dike of 
diabase cuts the schists about 200 yards from the creek, but has in no way 
affected the rocks with which it is in contact. 

Megascopically the rock is dark gray to green in color, with a fine- 
grained, even-granular texture, and in places the cleavage planes show 
lens-shaped spots or blotches, 0.6 cm. in length, which are composed of 
biotite and chlorite. Small needles of black hornblende and white 
granular quartz are the principal constituents distinguishable by the naked 
eye, but some of the rock contains considerable evenly distributed biotite. 
Occasionally the schist is banded in light- and dark-colored layers parallel 
to the schistosity; the dark-colored layers being due to the presence of 
much hornblende and biotite, and the light ones to an excess of quartz. A 
little pyrite may also be identified in places. 
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In thin section (Spec. 51) under the microscope the rock is seen to be 
composed of dark green hornblende, quartz, feldspar, magnetite, biotite, and 
chlorite. The hornblende occurs in narrow prismatic crystals, ranging up 
to 2 mm. in length, which show good cleavage and strong absorption, the 
colors being various shades of brown, blue, and green. The quartz and 
feldspar are present in small clear grains, filling the interstices between the 
hornblende, and they occasionally contain small included needles of horn- 
blende. The quartz and feldspar have the same index of refraction and 
are distinguishable with difficulty, except where the latter mineral shows 
evidence of cleavage. The magnetite occurs in clusters or aggregates of 
small irregular grains. The biotite is greenish-brown in color and shows 
partial alteration to chlorite. 

Lantana.—TVhe contact between the igneous and sedimentary rocks 
crosses the road about half a mile southeast of Lantana, and it is marked 
by a belt of hornblende schists that are similar to those occurring near 
New Canton. Exposures of fresh rock are rare in this vicinity, but along 
the branch, a mile northeast of Lantana, there are several outcrops of 
hornblende schist. 

A partly decomposed rock, outcropping on the left bank, is medium 
coarse-grained and dark green in color. The mineral constituents recog- 
nizable megascopically are dark green hornblende, quartz, probably feld- 
spar, and a little garnet, and chlorite. A prismatic mineral (probably 
tremolite), which is light green to brown in color, is also present. 

A specimen (90) obtained from the opposite side of the branch is finer 
grained and much fresher. It is an even-granular, dark greenish-gray 
schist, in which amphibole, quartz, pyrite, and magnetite are the principal 
constituents. Part of the amphibole is green in color, but much of it is 
light gray to nearly colorless, and is doubtless tremolite. In thin sections 
under the microscope, the amphiboles are all colorless in natural light, and 
between the crossed nicols most of them show rather high interference 
colors. ‘Twinning is sometimes shown. There is also a little acid 
plagioclase present, which is usually unstriated and therefore difficult to 
distinguish from the quartz. 

Gneisses. 


GENERAL CHARACTER AND DISTRIBUTION. 


Gneisses, believed to be sedimentary in origin, are found only in one 
portion of the area of pre-Cambrian rocks, namely, along the eastern 
border, north of James River, in the vicinity of Lantana. These gneisses 
are best exposed along Big Byrd Creek, between Bowles’ bridge, 114 miles 
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northeast of Stage Junction, and the contact of the sedimentaries with the 
granites, nearly two miles below. Away from the creek there are few 
outcrops; but float is present in many places, being especially abundant 
near the branch 114 miles northeast of Lantana, and the underground 
workings of the Young American mine furnish excellent exposures of 
fresh material. All of these gneisses are confined to the area of meta- 
morphosed sedimentaries lying on the southeast side of an imaginary line, 
which extends from a point on Big Byrd Creek, a few yards above Bowles’ 
bridge, in a northeast direction through Pryors Crossroads. No knotted 
schists are found on the southeast side of this line. It appears certain 
that the areal distribution of the sedimentary gneisses was once much 
greater than at present, and they probably extended for a considerable 
distance toward the northeast and the southeast; but the greater part of 
these beds has long since been removed by erosion. 

Two principal varieties of gneiss were recognized—one light in color 
and composed for the most part of quartz, feldspar, and sericite; the other 
dark-colored because of the presence of more or less biotite and dark green 
hornblende. Both usually show well-developed banding. These two 
varieties occur interbedded with one another, and with beds of sericite 
quartzite, ferruginous quartzite, and quartz-sericite schists. The dark- 
colored gneiss is confined to the northwestern side of the belt and is the 
dominant rock exposed in the openings at the Young American mine, but 
its areal distribution is not so extensive as that of the lighter variety. 


GENESIS. 


The manner in which these gneisses are interbedded with one another 
and with the quartzites, leaves no doubt as to their sedimentary origin. 
Anaylses of both the dark- and light-colored gneisses, made from samples 
taken 100 feet below the surface at the Young American mine, are given 
on page 124. The analyses show a striking resemblance in chemical com- 
position between these metamorphosed sedimentaries and igneous rocks of 
the quartz-diorite family. It is therefore probable that the sediments were 
derived from a land area composed chiefly of such rocks, and that they 
were laid down in comparatively shallow waters close to the shore. The 
conditions under which such material was derived did not permit mature 
decomposition; the land area was probably poorly covered by vegetation, 
rock disintegration was rapid, and the material formed was quickly re- 
moved and redeposited without appreciable sorting. The sediments laid 
down in this manner formed beds of arkosic sandstones and grits; and 
the present character of the rocks is due to dynamic regional meta- 
morphism, aided by the intrusion of the granitic rocks that partly surround 
and probably underlie these altered sediments at no great depth. 
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DETAILS OF OCCURRENCES. 


Young American mine.—The freshest exposures of both the light and 
the dark varieties of gneiss were found in the lower workings of the Young 
American mine; and detailed megascopic and microscopic descriptions 
of these rocks, together with chemical analyses, are given under the 
description of this property (see pages 122-139). The difficulty of obtain- 
ing fresh material—for microscopic study and chemical analysis—may be 
appreciated when it is stated that, in the Young American mine, some 
of the rock is badly decomposed to a depth of nearly 100 feet below the 
surface. 

Bowles’ bridge-—On the road between Stage Junction and Pryors 
Crossroads, near the bridge over Big Byrd Creek, there are well-exposed 
outcrops of light gray gneiss. The rock (Specs. 39 and 40) is fine-grained, 
even-textured, and slightly banded; both in the hand specimen, and in 
thin section under the microscope, it closely resembles a fine-grained 
granite-gneiss. It is composed essentially of quartz, orthoclase and acid 
plagioclase feldspars, and sericite. Much calcite, probably secondary in 
origin, can be distinguished under the microscope; biotite is present in 
small dark green flakes, partly altered to chlorite; and small amounts 
of pyrite, magnetite, and zircon constitute the minor accessories. Some 
of the quartz grains show undulatory extinction, but for the most part 
there is little evidence of optical distortion or granulation. ‘The sericite 
occurs in fairly large flakes, containing numerous inclusions of quartz, and 
it is partly of later origin than the schistosity. 

About 400 yards below the bridge there is an outcrop of dark gray 
gneiss (Spec. 35), which is apparently identical in mineral composition 
as well as in texture with much of the rock exposed in the Young American 
mine. It is fine-grained, closely banded in layers of light and dark 
minerals, and composed for the most part of quartz, feldspar, biotite, 
chlorite, sericite, and occasional garnets.- Elsewhere in the same vicinity 
the rock contains much dark green hornblende. 

Bertha and Edith mine-—On Big Byrd Creek, about 1,000 yards south 
of Bowles’ bridge, there is an exposure of light gray gneiss (Spec. 32) 
similar in appearance to that at the bridge, except that it is slightly coarser 
grained. Much of the sericite occurs in large flakes in which the cleavage 
is not parallel to the schistosity, showing that it is of later formation than 
the movements which metamorphosed the sediments. The minerals 
present, in the order of their relative abundance, are quartz, feldspar, 
chiefly acid plagioclase, sericite, biotite, chlorite, magnetite, pyrite partly 
altered to limonite, zircon, and titanite. Calcite was not identified. 
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On Big Byrd Creek, a mile south of Bowles’ bridge, the gneiss (Spec. 
30) is a light gray, fine-grained rock, differing but little from the speci- 
mens previously described. It contains less sericite, and under the micro- 
scope considerable epidote or zoisite can be detected. 

Where the road entering the property crosses Great Camp Branch, 
there is an outcrop of the hght gray gneiss, which is within about 300 
yards of the contact of the sedimentaries with the granite. he rock 
(Spec. 48) is composed of quartz, feldspar, and sericite, with lesser 
amounts of biotite, partly altered to chlorite, garnet, zircon, and 
magnetite. 


Belzoro mime.—Near the branch half a mile north of Lantana, there 
are numerous pieces of the light gray gneiss lying loose on the surface, 
but there are no outcrops of rock in place. The same material is plentiful 
in the vicinity of the other branch, nearly a mile to the northeast. This 
gneiss (Spec. 85) is slightly banded, and, except for the sericite, is fine- 
grained. Some of the areas of sericite are a centimeter in diameter, and 
as the orientation of the cleavage is independent of the schistosity of the 
rock they must be of later formation. Even in the hand specimen the 
flakes of sericite are seen to be full of included quartz grains. Under 
the microscope the rock is seen to be composed chiefly of quartz, sericite, 
feldspar, with lesser amounts of biotite, partly altered to chlorite, epidote, 
garnet, magnetite, zircon, and rutile needles. Some of the feldspars show 
partial alteration to sericite, and this is probably the chief source of the 
mica. In places the sericite shows intergrowths with biotite. Zircon and 
rutile needles are very plentiful as inclusions in some of the quartz. 


ORDOVICIAN. 


General Statement. 


The Ordovician rocks are for the most part confined to a long narrow 
belt, which extends in a northeasterly direction from a point near Alpha, a 
station on the Buckingham Branch of the Chesapeake and Ohio Railway, 
to Carysbrook, a station on the Virginia Air Line Railway. A _ small 
elongated area of the same formation, located along the upper portion of 
Long Island Creek, between Palmyra and Wilmington, is in approximate 
alignment with the larger belt; and it seems most likely that the two areas 
were formerly continuous, and that they have been separated by the erosion 
of Rivanna River, which has removed the overlying sedimentary rocks, 
exposing the granite beneath. 

Another small area, which parallels the main belt for a short distance, 
has been prospected for slate at a point about 2 miles north of Fork 
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Union Station. It was undoubtedly connected at one time with the main 
area, and has become separated through folding and erosion. 

The principal belt has a maximum width near James River of over a 
mile, but it probably averages less than half a mile; the total length, 
including the detached area on the northeast side of Rivanna River, is 
about 22 miles. 

The Ordovician series, where complete, consists of a thin bed of con- 
glomerate, overlain by a few feet of impure quartzite, and then followed 
by several hundred feet of slate. In places the conglomerate is composed 
of mashed pebbles of pre-Cambrian schist, and when these are small, the 
fragmental character of the rock is distinguishable with difficulty. At one 
point a layer of tuffaceous material, a few feet thick, occurs interbedded 
with the slates. 

The discovery of crinoids in slate from the Arvonia quarries was. 
announced in 1892, and from a study of these fossils Dr. Walcott reached 
the conclusion that they belonged to the Trenton-Lorraine or upper por- 
tion of the Ordovician fauna.* Later brachiopods and trilobites were 
found, and, according to Dr. R. 8. Bassler, the twelve species which have 
been identified “make up an assemblage of forms which seems to be of 
middle Cincinnatian age.’ 

Conglomerate. 


GENERAL CHARACTER AND DISTRIBUTION. 


The conglomerate occurs only at the base of the Ordovician rocks, 
where it rests upon the eroded surface of the metamorphosed, pre- 
Cambrian sediments and in places upon the granite. On the south side 
of James River the conglomerate is found along the southeastern boundary 
of the slate area, but has not been observed on the northwest boundary. 
It is not exposed in the section furnished by the bluffs along the river, 
probably because of minor faulting, which is very marked in the vicinity 
of the place where the conglomerate would be expected to appear. It out- 
crops, however, within about half a mile of the bluffs and can be traced 
southward for a distance of several miles. On the north side of the river 
the conglomerate was observed only on the west side of the slate, occurring 
on the road between Palmyra and Wilmington, about a quarter of a mile 
west of Long Island Creek, and in the railroad cut half a mile south of 
Carysbrook. 

aDarton, N. H., Fossils in the “Archean” Rocks of Central Piedmont, Virginia, 
Amer. Jour. Sci., 1892, vol. xliv, pp. 50-52. 


bWatson, Thomas L., and Powell, S. L., Fossil Evidence of the Age of the Vir- 
ginia Piedmont Slates, Amer. Jour Sci., 1911, vol. xxi, pp. 33-44. 
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The lack of suitable exposures makes it impossible in most places to 
determine the thickness of the conglomerate. Outcrops in the vicinity 
of Penlan indicate a possible thickness of perhaps 100 feet, but as the dip 
of the strata could not be determined at this point, the measurement means 
little. In the railroad cut south of Carysbrook the conglomerate is only 
a few inches thick and in places entirely disappears. 

The composition of the conglomerate varies greatly in different por- 
tions of the area; in places it consists almost entirely of flattened pebbles 
of schist, but pebbles of vein quartz and of quartzite are usually present, 
and sometimes there is much magnetite, graphite, and other material. No 
granite or feldspar pebbles were found. The rock is usually schistose 
and, where the quartz pebbles are scarce, is easily mistaken for a pre- 
Cambrian schist. The pebbles of vein quartz show no pressure effects, 
those of quartzite are usually more or less distorted, and all the softer 
material is pressed out flat. 


DETAILS OF OCCURRENCES. 


Penlan.—There are prominent outcrops of conglomerate along the 
county road about. three-quarters of a mile southeast of Penlan. The rock 
contains well-rounded pebbles of quartz and also of quartzite, ranging 
up to 2 or 3 inches in diameter; but for the most part it consists of a 
fine-grained schistose ground-mass, which has been derived from pebbles 
of the neighboring pre-Cambrian schist. In places it is possible to distin- 
guish flattened and almost obliterated fragments of quartz-sericite schist 
and of the slate-colored, knotted schist. 

When the schistose ground-mass is examined under the microscope (Spec. 
462), clear rounded grains of quartz, ranging up to 1.5 mm. in diameter, 
can be distinguished in a ground-mass consisting chiefly of sericite, 
chlorite, quartz, and black oxide of iron. ‘The larger quartz grains seem 
to have grown slightly at the expense of the surrounding material, for 
they have irregular outlines, with little spurs running out into the ground- 
mass, and frequently contain numerous inclusions along their border 
portions. Gas and fluid inclusions are plentiful in some of the quartz. 
Glistening plates of hematite, and a few grains of magnetite make up the 
remaining accessories. 

Outcrops of conglomerate similar to that just described are exposed 
along the road running northeast and southwest, about half a mile south- 
east of Arvonia, and at numerous other points along the same line of strike. 

Carysbrook.—In the railroad cut half a mile south of Carysbrook, the 
Ordovician sediments can be seen resting directly on the eroded surface 
of the granite (see Pl. VI, fig. 1). There is in most places a thin line 
of pebbles in contact with the granite, but sometimes even this is absent. 
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A bed of impure quartzite, about 10 feet thick, rests on top of the con- 
glomerate, or where this is absent on the granite, and above the quartzite 
occurs the slate. The pebbles are chiefly of quartz, but fragments of slaty 
rock are present, and also much graphitic material. The latter is soft, 
disintegrating rapidly, and leaving cavities in the weathered surface. The 
pebbles are cemented together by fine-grained, impure quartzite. 


Long Island Creek.—There is an outcrop of highly ferruginous con- 
glomerate on the road between Palmyra and Wilmington, about a quarter 
of a mile west of Long Island Creek. The rock is dark gray, very schistose, 
and consists of flat, lens-shaped pebbles of quartzite, in a chloritic ground- 
mass, containing a large amount of fine-grained magnetite. Under the 
microscope (Spec. 486) the magnetite apparently constitutes 40 or 50 
per cent. of the mass, the remainder being made up of quartz, chlorite, 
and sericite, in the order named. The smaller grains of magnetite are 
commonly idiomorphic, but the larger grains, ranging up to 1 or 2 mm. 
in diameter, are irregular in shape. 


Quartzite. 


The best exposure of Ordovician quartzite is the one which may be 
seen in the railroad cut, half a mile south of Carysbrook. ‘The rock is 
only about 10 feet thick and varies somewhat in texture. It is nearly 
even-granular, slightly schistose, and of a light bluish-gray color. In 
thin sections (Specs. 509 and 510) under the microscope, the quartz 
grains show optical distortion and some granulation, and they have partly 
recrystallized so as to fill the interstitial spaces. They contain lquid- 
and gas-filled cavities, and small black inclusions (iron oxide?) arranged 
in lines which pass across the quartz grains. In places these lines are 
very numerous, suggesting fractures that have been recemented. Sericite 
is the principal impurity, and there are occasional short prisms of brown 
tourmaline. Zircon and small rutile needles occur as inclusions in some 
of the quartz. 

A bed of quartzite also outcrops in the road about half a mile southeast 
of Penlan, but its thickness could not be determined. It is separated from 
the conglomerate described on page 41 by a bed of schist which is probably 
formed chiefly from fragments of the pre-Cambrian schist. 


Schist. 


A light gray schist, closely resembling some of the pre-Cambrian 
schists, outcrops in the road about half a mile south of Arvonia, and not 
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Fig. 1—Ordovician sediments resting on eroded surface of massive granite near 
Carysbrook. A thin line of conglomerate runs between the hat and hammer. 





Fig. 2.—Looking north along summit of Willis Mountain. Piedmont peneplain 
in background. 


ORDOVICIAN SEDIMENTS ON GRANITE, AND WILLIS MOUNTAIN. 
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Fig. 1—Bed of tuff in Ordovician slates. Bluffs on the south side of James River. 
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Fig. 2.—Fault in Ordovician slates. Bluffs en south side of James River. 


BED OF TUFF AND FAULT IN ORDOVICIAN SLATES. 


DESCRIPTIVE GEOLOGY AND PETROGRAPHY. 43 


far from the conglomerate. The rock is clearly fragmental in origin and 
exhibits two directions of cleavage—one due to bedding, and the other to 
pressure—which intersect at an angle of about 40°. It is composed essen- 
tially of quartz, sericite, and chlorite, and contains occasional lenticular 
eyes of quartz 1 to 2 mm. in diameter. Under the microscope (Spec. 
No. 1)@ the lenticular eyes are seen to be partly quartzite, and partly clear 
grains of quartz, some of which show evidence of enlarged borders. Liquid 
and gas inclusions, and a little zircon and titanite may aiso be identified. 
This rock is similar to the schist which occurs between the conglomerate 
and the quartzite about half a mile southeast of Penlan. 


Tuff. 


A bed of tuffaceous material is exposed in the bluff near the eastern 
border of the slate area and a mile west of Bremo bridge. It is inter- 
bedded with black graphitic slates, which in places contain much pyrite. 
A photograph of the bed is shown in Pl. VII, fig. 1. Close to the hammer 
a nearly vertical fault can be seen, on the left of which the beds stand 
almost vertical, while on the right they are much contorted but nearly 
horizontal. ‘The tuff is the hght-colored material near the hammer. No 
other beds of tuff were identified in the area. 

The tuff (Spec. 494) is a fine-grained, gray, slate-colored rock, dis- 
tinctly fragmental to the naked eye, and very schistose, so that the frag- 
ments are drawn out in long streaks. Fine flakes of sericite, small grains 
of quartz, and a little pyrite are the only minerals distinguishable mega- 
scopically. Under the microscope it is seen to consist chiefly of fine-grained 
quartz, sericite, with numerous larger grains of quartz, averaging less than 
0.5 mm. in diameter, and occasional small phenocrysts of feldspar (ortho- 
clase and acid plagioclase). Calcite is plentifully distributed through 
the section, and pyrite partly altered to lmonite, occurs in small grains. 
Very fine, dust-like inclusions (graphite or iron oxide) are abundant 
throughout the slide. 

Slate. 


GENERAL CHARACTER AND DISTRIBUTION. 


Slate is the dominant rock of the Ordovician series of sedimentaries, 
and the beds probably have a thickness of more than 1,000 feet, but 
because of the complicated folding and faulting only a rough estimate can 
be made. The areal distribution of the slate is coincident with that of 
the formation as a whole, for the thickness of the other members is in- 
significant in comparison with that of the slate. 


aMicroscopie thin section made from specimen collected by Dr. T. P. Maynard. 
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The slate has a finely granular, crystalline texture, it is dark gray to 
black in color, and usually has a rather rough though very lustrous cleay- 
age surface. It is graphitic and usually slightly magnetitic, contains a 
little pyrite, does not effervesce in cold dilute hydrochloric acid, and is very 
sonorous. ‘The degree of cleavability varies greatly in different parts of 
the area, but is usually high, so that the slate can be split readily into 
slabs of any desired thickness. 

In the vicinity of Arvonia the slate has been extensively quarried for 
roofing and other purposes, and at a number of places along the strike of 
the formation prospecting has been carried on with very encouraging 
results. Because of its highly crystalline character, the slate has great 
strength and durability, and some of it, used in roofing buildings over a 
century ago, shows no discoloration from its long exposure. All of the 
slate in this area is not, however, available for commercial. purposes, as 
the value of some of it is destroyed by close folding and faulting, and in 
a few localities the cleavage is not sufficiently developed. 


DETAILS OF OCCURRENCES. 


A detailed report on the slate deposits of Virginia is now in prepara- 
tion, and will be published shortly as Bulletin No. X of the State 
Geological Survey; therefore the following descriptions will be brief, and 
for the most part lmited to facts bearing on the structural relations of 
the slate formation. 

Arvonia.—At Arvonia there are extensive quarries, all of which are 
located on the east side of the slate belt. In these openings the bedding 
and cleavage of the slate are identical, striking N. 33° to 37° EH. and 
dipping 70° to 90° southeast. There are three sets of joints, namely, 
vertical dip joints striking northwest; strike joints, running northeast 
and southwest and dipping 70° to 80° southeast; and diagonal joints some 
of which dip 30° east while others dip 55° west. Quartz veins are occa- 
sionally present, some of which contain calcite, and a little chlorite and 
biotite. In one of the quarries a dike of olivine diabase is exposed, which 
is 12 feet thick and traverses the slate diagonally. 

The slate is very dark gray, with a faint greenish hue; it shows a 
distinctly granular crystalline texture to the naked eye; and has a highly 
lustrous cleavage surface, which is commonly rough or slightly wrinkled 
because of the presence of small flakes of biotite and of minute grains of 
the iron ores. According to Dale* the mineral constituents, in the order 


aDale, T, N., Slate Deposits and Slate Industry of the United States, Bull. U. S. 
Geol. Survey, No. 275, 1906, p. 114. 
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of their relative abundance, are muscovite and sericite, quartz, biotite, 
carbonate, graphite (or carbonaceous matter), pyrite, chlorite, magnetite, 
with accessory plagioclase, zircon, hematite, tourmaline, and rutile. 

The following microscopic description of the slate from the Williams 
quarries is given by Dale, and may be taken as representative of the other 
quarries in this vicinity: 


“Under the microscope it shows a matrix of minute alternating beds, 
chiefly of fine muscovite, with coarser ones, chiefly of quartz, the former 
with a brilliant aggregate polarization, the latter with a faint one. These 
beds are parallel to the cleavage. The quartz fragments measure up to 
0.085 mm. Scattered throughout both the more micaceous and the more 
quartzose beds are crystals, lenses, and particles of pyrite, numbering 
about 25 to each square millimeter and measuring up to 0.09 mm., rarely 
0.15 and 0.42, with their longer axes parallel to the cleavage. These 
probably include a little magnetite. There are also biotite scales trans- 
verse to the cleavage, about 22 per square millimeter, and measuring up 
to 0.12, rarely 0.2 mm. Almost, if not quite, as abundant are plates and 
rhombs of carbonate. There are occasional scales of chlorite interleaved 
with muscovite, a few grains of plagioclase feldspar 0.047 mm., rarely 
one of zircon, some tourmaline prisms 0.014 mm. long, much extremely 
fine graphitic (or carbonaceous?) material, a few particles of hematite, 
and some rutile needles.’ Sections parallel to the cleavage are unusually 
brilliant in polarized light, owing to the abundance of quartz, biotite, and 
carbonate.’”¢ 


Bluffs along James River.—The slates exposed in the bluffs along the 
south side of James River show evidence of much close folding and fault- 
ing (see P]. VIL). Near the fault shown in Fig. 2, which is located close 
to the railroad, 500 yards south of the mouth of Slate River, the slate has 
two equally developed cleavages intersecting at an angle of about 5°. One 
of these is the ordinary slaty cleavage due to pressure, and the other is 
probably slip cleavage due to minute faulting. As the two cleavage sur- 
faces reflect light at slightly different angles, the slate has a very striking 
appearance. About a quarter of a mile farther east a similar slate is 
exposed, in which the angle between the two cleavages is 25°, but one is 
much better developed than the other. It is possible that one cleavage is 
due to bedding. 

Some of the slates are highly graphitic, and in others pyrite is very 
plentiful, occurring in thin layers parallel to the bedding. Hematite is 
occasionally present in the form of thin plates, a fraction of a millimeter 
in diameter. 

Carysbrook.—The slate exposed in the railroad cut half a mile south 
of Carysbrook is wholly lacking in slaty cleavage, but has a distinctly 


aDale, T. N., Ibid., pp. 113-114. 
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schistose structure parallel to the strike of the formation, which causes 
the rock to break in roughly prismatic shapes. This peculiarity is probably 
due to the location of the material at the bottom of a synclinal fold, where 
the pressure was approximately equal in all directions except along the 
axis of folding. 7 

The strike of the formation is about N. 25° E. and there are three 
principal sets of jointing, namely, nearly vertical strike joints running 
northeast and southwest; joints which dip about 30° southeast and are 
approximately parallel to the contact with the underlying granite; and 
transverse joints having a strike of N. 60° W. and dip of 75° northeast. 
The latter are spaced 2 to 8 inches apart. 

The slate (Spec. 505) is dark gray, with little luster, and contains 
numerous flat discs of specular hematite, which are oriented in all direc- 
tions parallel to the axis of folding. These plates vary in diameter up to 
1 mm. and in thickness up to 0.1 mm. 

Examined microscopically the chief constituents of the ground-mass 
are, in the order of their relative abundance, sericite, quartz, chlorite, with 
accessory tourmaline, and zircon. Some of the quartz occurs in lenticular 
eyes less than 0.5 millimeter in length, which occasionally contain small 
fragments of zircon. Prisms of greenish-brown tourmaline, ranging up 
to 0.2 millimeter in length, are fairly plentiful, and are usually oriented 
parallel to the schistosity. Some of the thin discs of hematite contain 
numerous small inclusions of quartz. 


TRIASSIC. 


The small area of sedimentary rocks shown on the map (PI. I), between 
Ca Iva and Willis Mountain, belongs to the Triassic (Newark) system, 
and is the northern end of the Farmville area, which extends in a south- 
westerly direction for a distance of over 20 miles. In this northern por- 
tion the rocks consist of gently dipping beds of conglomerate, sandstone, 
and shale. ‘They are deep red in color, and are in marked contrast to 
the surrounding crystalline rocks, chiefly granite and pegmatite, which 
weather to a light gray soil. Near Farmville fine, light-colored sand- 
stones and shales occur interbedded with several small coal seams, the 
lighter color being undoubtedly due to the reducing action of the car- 
bonaceous matter. 

The area as a whole is, topographically, a basin surrounded by hills 
of crystalline rocks, but lack of exposures make it difficult to work out the 
detailed geologic structure. The stratified rocks of the Triassic rest un- 
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conformably on the metamorphosed pre-Cambrian sediments and the 
granites; and these underlying formations dip steeply toward the south- 
east. ‘The Triassic beds are much disturbed, changing abruptly from 
northeast to southwest dips, and Russell determined the presence of at 
least four north and south faults.¢ One of these faults forms the eastern 
border of the area about 2 miles north of Farmville, and there the stratified 
rocks are much broken and slickensided. In the absence of better ex- 
posures, it is impossible to measure the thickness of the beds, but every- 
thing indicates that they are of no great depth. 

The rocks of the Triassic system have not undergone the great crustal 
movements which have so intensely metamorphosed the older rocks of the 
area; indeed, for the most part, they have not been thoroughly consoli- 
dated. Since these rocks have not extensive areal distribution in the 
region mapped, and since they are of no economic importance, they will 
not be discussed in this report. 


ROCKS IGNEOUS IN ORIGIN. 
GENERAL CLASSIFICATION. 


The rocks of igneous origin described in this report are classified, in 
so far as possible, according to their relative age. The position of some 
of these rocks in the geological column is accurately known, that of others 
can be determined within comparatively narrow lmits, and in a few 
instances there is considerable uncertainty. As in the case of the sedi- 
mentary rocks, the chief criterion used in distinguishing between the pre- 
Cambrian and the later rocks is that of relative schistosity, while the 
position of others is determined by their relation to sedimentaries of 
known age. Under the description of each rock type, the evidence upon 
which its age classification is based is given in detail. The principal groups 
into which the igneous rocks have been divided are: (1) Pre-Cambrian, 
(2) pre-Cambrian and Cambrian, (3) Cambrian or post-Cambrian, and 
(4) Triassic. 

PRE-CAMBRIAN. 


Greenstone Schists. 
GENERAL CHARACTER AND DISTRIBUTION. 


A large area of greenstone schists is present along the northwestern 
border of the map, given on Pl. I, and extends for several miles to the 
westward. The southeast contact between these schists and the other 
pre-Cambrian rocks crosses James River about 1,000 yards west of Strath- 








aRussell, I. C., Correlation Papers. The Newark System. Bull. No. 85, U. S. 
Geol. Survey, 1892, pp. 88-89. 
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more, and continues in a general southwesterly direction for an unknown 
distance; passing northeast the greenstone schists apparently pinch out 
in the vicinity of Palmyra. On Slate River, 500 yards west of Hunts 
Creek, Ordovician slates are apparently in contact with the greenstone 
schists for a short distance. 

Chloritic schists are common in the region between Wilmington and 
Kent’s Store, and occur at several other localities in the area mapped, 
but as these rocks are derived chiefly from the hornblende schists that are 
found associated with the granites, they will be described under that 
heading. 

The rocks in the large area of greenstone schists vary in texture from 
dense aphanitic varieties to those that are medium fine-grained, and in 
places porphyritic. They usually show a pronounced schistose structure 
but some of the coarser grained rocks, which have undergone less altera- 
tion, are more nearly massive. The color is always green, and varies in 
shade according to the relative amounts of chlorite and epidote present 
in the rock. 

The mineral constituents present in these rocks are quartz, chlorite, 
epidote, amphibole, calcite, plagioclase, magnetite, pyrite, and in 
some instances small amounts of rutile, ilmenite, and titanite. Very rarely 
a little chalcopyrite or malachite can be identified. 


Quartz and usually calcite are present in the ground-mass of the rock 
and these minerals also frequently occur as eyes and veinlets. The feld- 
spars, and part of the quartz and magnetite, are the chief primary minerals 
that remain unaltered. The feldspars are basic plagioclase, and frequently 
show Carlsbad as well as albite twinning. Chlorite is abundant in all of 
the rocks, occurring in fine-grained dark green scales. Epidote is most 
plentiful along fracture lines, and it also occurs in some of the veinlets. 


Small slickensided surfaces are common throughout the rock; they 
run in various directions but are usually approximately parallel to the 
schistosity. They are probably to be explained by the volumetric expan- 
sion which has resulted from the alteration of the rock, with the formation 
of hydrous from anhydrous silicates. 

Microscopic examination of a large number of thin sections of the 
greenstone schists, shows that they are derived from basic igneous rocks, 
but the alteration has been so extensive that in most cases it is impossible 
to determine their original character. The texture in a few localities 
suggests that part of the schists were formed from massive rocks of deep- 
seated origin, but it is not improbable that they are largely derived from 
basic lava flows. 


DESCRIPTIVE GEOLOGY AND PETROGRAPHY. 49 


AGE. 


The intense regional metamorphism which has affected all of the older 
rocks, and the lack of suitable exposures along the contact, make it im- 
possible to determine the relation of the greenstones to the other pre- 
Cambrian schists. When the surrounding portions of the Piedmont 
province have been mapped in detail some light will probably be shed on 
this question, but at present it is not even possible to make a statement 
concerning the relative age of the two formations. At the London and 
Virginia mine (see pp. 185-186) a chloritic schist is interbedded with the 
quartz-sericite schists but it is different in appearance and has probably had 
a different origin. The greenstone schists are classified as pre-Cambrian 
in age because of their extensive metamorphism under dynamic condi- 
tions, and because of the presence of gold-bearing quartz veins believed to 
be Cambrian in age. They resemble the Catoctin schist of the Blue Ridge 
and may be contemporaneous in age. 


DETAILS OF OCCURRENCES. 


Slate Riwer.—The bluffs along Slate River, west of the mouth of Hunts 
Creek, furnish some of the best exposures of greenstone schist that are to 
be found in the district, and this section will be described in detail. The 
contact between the Ordovician slates and the greenstone schists crosses 
Slate River about 500 yards west of Hunts Creek, but is not exposed. On 
the south bank of the river just west of the contact there is a bold, cliff- 
like outcrop of the schist. 

The rock (Spec. 495) is dark green, fine-grained, even-granular, and 
not quite as schistose as in most localities. Quartz, chlorite, and a few 
small cubes of pyrite are the only minerals recognizable megascopically. 
Under the microscope the rock is seen to be composed of quartz, chlorite, 
plagiocase feldspar, calcite, talc, epidote, and a little fine-grained magnetite. 
The quartz grains are slightly larger than the other minerals, and are 
frequently arranged in irregular lines and flat lenses parallel to the 
schistosity. The feldspars are ragged in outline and show extensive alter- 
ation to the secondary minerals of which the rock is chiefly composed. 
The chlorite and other minerals are very fine-grained. 

A few yards farther west the rock (Spec. 448) is slightly finer grained, 
more schistose, and contains occasional lenticular eyes of fine-grained 
white quartz 3 or 4 mm. in diameter. Examined under the microscope 
the lenticular eyes are seen to consist of clear rounded, interlocking grains 
of quartz, which contain small gas- and liquid-filled cavities and numerous 


50 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


rutile needles. Basic plagioclase feldspars are present. some of which 
show fractures filled with a fine-grained ground-mass, consisting chiefly 
of chlorite. Calcite, epidote, and zoisite make up the remaining mineral 
constituents. 

Greenstone schists, essentially similar to those just described, continue 
for several miles up the river with only a little variation here and there. 
In one place a peculiar veinlet (Spec. 449) about a quarter of an inch 
wide, was seen cutting the schist. It consists of dark green micaceous 
chlorite, with cleavage parallel to the walls, and phenocrysts of white 
feldspar, 3 to 4 mm. long, which project out from the walls of the veinlet. 
The feldspars show twinning after both the Carlsbad and the albite laws. 
Nearly a mile west of the creek, a light green rock outcrops which is nearly 
massive in texture. It is medium coarse-grained, and is composed for the 
most part of light green hornblende and feldspar. ‘The hornblende is 
partly altered to chlorite. It is evidently an igneous rock (probably 
diorite), which has been only slightly altered. 

At the Lightfoot mine, on the southeast side of Slate River, 2 miles 
northwest of Arvonia, the country rock is the typical greenstone schist 
found everywhere in this section. It is described in detail on pages 241-242. 


Lightfoot farm.—On the farm of P. W. Lightfoot, 134 miles N. 15° E. 
of Arvonia, an 18-foot shaft has been sunk in prospecting for copper. 
Most of the rock exposed on the dump is a fine-grained greenstone schist 
containing scattered crystals of pyrite, less than 0.5 mm. in diameter, and 
much fine-grained magnetite. In places there are small segregated areas 
containing pyrite in coarse, irregular crystals associated with white quartz. 
A few pieces of rock were seen which contained partly altered phenocrysts 
of feldspar, 2 cm. in length. 

At several points in this vicinity a few small specks of malachite can 
be seen in the country rock. Pebbles of magnetite are found on the sur- 
face in places where they have weatherd out from the greenstone. 


Anaconda mine.—The greenstone schist at the Anaconda mine, near 
Eldridge Mill, is described on page 244. About 400 yards northeast of the 
mine several small surface openings have been made in prospecting for 
asbestos. Some chlorite schist is exposed in these pits, but most of the 
rock is a light green tale which usually contains a few scattered needles 
of amphibole, probably actinolite. In places there are large masses of 
amphibole asbestos, part of the fiber being 7 to 8 inches in length, but 
much of it is cut by joint planes spaced about 2 inches apart. Masses, 
composed chiefly of actinolite in more or less radiating crystals, are present 
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on the dump. Magnetite in small grains is scattered through both the 
chloritic and talcose schists. 

Shores.—A quarry for railroad ballast is located on the Chesapeake 
and Ohio Railway about three-quarters of a mile southeast of Shores. The 
rock exposed is dark green in color, fine-grained, and is cut by numerous 
small segregation veinlets consisting of white, fine-grained quartz, and a 
httle calcite and dolomite. These veinlets do not have sharp, well-defined 
walls but pass by gradation into the schist. The minerals present in the 
rock, which can be identified megascopically, are quartz, chlorite, calcite, 
magnetite, and epidote. The greenstone schist extends westward beyond 
Shores. 

ITughes mine-—The gold veins at the Hughes mine, which is located 
on the Virginia Air Line Railway, 2 miles northeast of Fork Union station, 
occur in an area of greenstone schist. Specimens of the wall rock from 
this mine are described in detail on pages 182-183. 

Palmyra.—In the vicinity of Palmyra and northwest from the town a 
greenstone schist is exposed, and in places the chloritic schists enclose 
masses of tale and steatite which have been worked to a limited extent. It 
is reported that a little copper ore was found on the west side of Rivanna 
River opposite Palmyra, occurring in greenstone schist similar to that 
near the Lightfoot mine. 

Quartz-Feldspar Porphyries, 


A series of quartz-feldspar porphyries are exposed along Rivanna River 
about a mile south of Palmyra. These rocks vary from light to dark gray 
in color and from fine- to medium-grained; they are usually porphyritic 
to the naked eye, containing feldspar phenocrysts and eyes of blue opal- 
escent quartz; and they all exhibit varying degrees of schistosity. In thin 
section under the microscope they are seen to consist essentially of quartz, 
potash and soda-lime feldspars, and certain secondary minerals such as 
sericite, calcite, chlorite, and epidote. The eyes of quartz usually show 
strain shadows, more or less fracturing, and granulation; and they fre- 
quently contain rutile needles and gas- and liquid-filied cavities. The 
potash feldspars include both orthoclase and microcline, and these as well 
as the acid plagioclase are extensively altered with the production of the 
secondary minerals mentioned above. ‘There is also a little microperthite 
in some of the rock. The minor accessories comprise magnetite, ilmenite 
partly altered to leucoxene, titanite, and pyrite. 

Rocks similar to these porphyries were not found elsewhere in the area 
mapped. It is possible that they are genetically connected with the in- 
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trusive granites, but no evidence in support of this supposition could be 
discovered. For the most part these porphyries are more schistose than 
the granites and therefore they are probably older. 


Rhyolites. 


GENERAL DESCRIPTION AND AGE RELATIONS. 


Rhyolites occur interbedded with schists and other rocks at several 
points near the western border of the area mapped, but they are of no 
importance as geologic formations. They are light gray, hard, dense- 
textured rocks, and all show a schistose or slaty cleavage, which becomes 
more marked in the weathered specimens. Watson and Powell noted the 
occurrence of these rocks south of James River in the Arvonia slate belt 
and described similar ones in the Quantico slate belt, where they occur 
interbedded with the slates which are Ordovician in age.* The rhyolites 
in the James River section may be contemporaneous with those in the 
Quantico belt, but the writer found no evidence to indicate that this is 
true. Because of their marked schistosity they are here described with 
the pre-Cambrian rocks, although it is possible that they are younger. 


DETAILS OF OCCURRENCES. 


Bremo Bluff.—On the south side of James River, about three-quarters 
of a mile west of Bremo bridge, there is an exposure of rhyolite, about 
20 feet thick, which is interbedded with knotted schists. The rock is light 
gray, dense-textured, and in places contains elongated spots due to gas 
cavities or to some mineral which has undergone decomposition. It has 
a slaty cleavage, which, while scarcely noticeable in the fresher specimens, 
becomes very prominent in the weathered rock. Under the microscope 
(Spec. 493) the rock is distinctly schistose and is seen to be composed of 
quartz, feldspar, biotite, chlorite, black iron oxide, partly magnetite, 
sericite, zircon, tourmaline, titanite, and small areas of glass. 

Slate River.—On the south side of Slate River about half a mile west 
of Hunts Creek there is a small outcrop of siliceous rock (Spec. 450), 
which is hard, close-textured, white in color, and very schistose. It is 
probably a metamorphosed rhyolite. This rock occurs in the area of green- - 
stone schists derived from basic igneous rocks. 

Ballinger Creek.—About 134 miles east of Palmyra on the road to 
Wilmington, and 200 yards east of Ballinger Creek, there is an outcrop 


aWatson, Thomas L., and Powell, S. L., Fossil Evidence of the Age of the Vir- 
ginia Piedmont Slates, Amer. Jour. Sci., 1911, vol. xxxi, pp. 33-44. 
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of rhyolite which is closely similar to the rock found west of Bremo bridge. 
It is shghtly more schistose in the hand specimen (485) and in thin 
section under the microscope it is seen to be porphyritic, containing pheno- 
erysts of quartz and acid plagioclase feldspar about 0.25 mm. in diameter. 
The quartz eyes contain gas- and liquid-filled cavities. The ground-mass 
is composed of quartz, feldspar, biotite, chlorite, and sericite. 


Palmyra.—A short distance south of the railway station at Palmyra 
there is an outcrop of schistose rhyolite, in which small eyes of quartz 
can be distinguished by the naked eye. Examined in thin section (Spec. 
14) under the microscope, small eyes of quartz and phenocrysts of ortho- 
clase, 1 mm. in length, which usually show Carlsbad twinning, can be seen 
in a fine-grained ground-mass, consisting of quartz, feldspar, magnetite, 
ilmenite partly altered to leucoxene, and a little chlorite and epidote. 


PRE-CAMBRIAN AND CAMBRIAN. 


Granites, Their Associated Pegmatites and Hornblende Schists. 
INTRODUCTORY STATEMENT. 


The granites and their associated differentiates, occupying about two- 
thirds of the area mapped, are confined to the eastern portion (see Pl. I). 
Similar rocks continue beyond the limits of the map and extend eastward 
for an unknown distance, for below the falls at Richmond they are covered 
by the later sediments of the Coastal Plain. 

These rocks, while for the most part closely related, belong to several 
periods of intrusion, and vary in. character and mineral composition 
within comparatively short distances. In composition they range from 
true granites, in which potash feldspars are dominant over plagioclase, 
through granodiorites and quartz-diorites, to rocks that are composed 
almost exclusively of hornblende—every gradation between the two 
extremes being found. Quartz is always present, the more acid rocks con- 
tain muscovite, and biotite usually occurs in all except the most basic 
varieties, where it is completely replaced by hornblende. With the appear- 
ance of hornblende in the rocks the potash feldspars disappear. The 
dominant rock type of the area corresponds to granodiorite or quartz-diorite 
in mineral composition. Pegmatites in places accompany the more acid 
facies, and pegmatitic quartz veins carrying a little mica are also present. 

The large granite area occupying the eastern half of the map (see 
Pl. IL) will be divided, for convenience in mapping and description, into 


aThis thin section was made from a specimen collected by Dr. J. 8. Grasty. 
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4 separate divisions or belts, running in a northeast and southwest 
direction, in each of which the rocks exhibit certain peculiar characteristics. 
Passing from east to west these subdivisions are (1) the Cartersville area, 
(2) the Elk Hill complex, (3) the pegmatite belt, and (4) the Columbia 
area. In addition to these there are several smaller areas which occur 
within the boundaries of the pre-Cambrian sedimentaries, namely, the 
Gold Hill area lying between Kent’s Store and Tabscott, the Rosney area 
near the southern border of the map, and an area of unknown but limited 
extent, in which the only exposures are at the Greeley mine. Each of these 
areas is described in detail below. 
AGE, 


The granites are younger than the pre-Cambrian rocks with which they 
are in contact, but the high degree of schistosity shown by most of the 
granites is proof of their solidification prior to the cessation of the great 
crustal movements that preceded the Cambrian. Evidence that the period 
covered by the intrusion and solidification of the granites continued until 
after the close of these great movements, is furnished by the fact that the 
last of the granites to crystallize are practically massive in texture. 
Similar evidence is furnished by the lack of schistosity in many of the 
pegmatites and aplites, which are residual differentiates from the granite 
magma, and are therefore of later crystallization. 


Granites crystallize under conditions of deep burial, and therefore much 
overlying materia] must be removed by erosion before they are exposed. 
Near Carysbrook, Ordovician sediments may be seen resting on the eroded 
surface of almost massive granite, and this indicates that a considerable 
time interval must have elapsed between the solidification of the youngest 
granite and the deposition of the sediments in Ordovician time. 


A consideration of the facts outlined above leads to the conclusion that 
the intrusion of the granites probably began during the pre-Cambrian 
and continued into the early Cambrian. It is not unlikely that the crustal 
movements which terminated the pre-Cambrian, and the intrusion of the 
granites, are both manifestations of the same general forces. 


Cartersville Area. 
GENERAL DESCRIPTION. 


The Cartersville area occupies the southeast corner of the map (PI. IT) 
and its northwestern boundary, passing between Elk Hill and Pemberton, 
extends in a general southwesterly direction approximately parallel to and 
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just west of the ridge road leading from Cartersville to Cumberland. 
There are very few rock exposures in this area except in the vicinity of 
James River. The outcrops in the bluffs along James River and the 
occasional exposures found elsewhere indicate that the dominant rock is 
a fine-grained, light gray granite-gneiss, containing much muscovite and 
usually a little biotite. Pegmatites are common but the hornblende schists 
are extremely rare. 
DETAILED DESCRIPTIONS. 


Pemberton.—On the north side of James River, three-quarters of a 
mile southeast of Pemberton, there is a large outcrop of gneissic granite. 
The strike of the schistosity is nearly north and south and the dip about 
45° east. There are two varieties of rock exposed at this point; one (Spec. 
27) is the light gray muscovite granite which forms the dominant rock 
type in the Cartersville area; and the other (Spec. 28), underlying the 
first, is a highly schistose reddish-brown rock. 

Examined megascopically, the hght gray granite (Spec. 27) is fine- 
grained and composed of white feldspars, quartz, muscovite in flakes 
ranging up to 2 or 3 mm. in diameter, a little biotite in small black specks, 
and rarely small pink garnets. Under the microscope orthoclase feldspar 
is seen to be dominant over the soda-lime feldspar (probably oligoclase), 
and no microcline seems to be present; the muscovite is apparently 
primary; and the biotite is dark brown in color, and strongly pleochroic. 
Fine hair-like needles of rutile are very plentiful, occurring in feldspar, 
quartz, and muscovite, but they seem to be most abundant in the feldspars. 

The dark-colored gneiss (Spec. 28), which underlies the rock described 
above, contains occasional lenticular eyes of feldspar and quartz. The 
rock has a peculiar reddish-brown (almost purple) color due to the 
presence of much fine-grained, brown biotite. In thin-section under the 
microscope the soda-lime feldspars (probably oligoclase) are seen to be 
dominant, and there is only a little orthoclase and less microcline present. 
Some of the feldspars show zonal extinction. ‘The biotite occurs in small 
light brown flakes and there is also some muscovite. Grains of ilmenite 
partly altered to leucoxene are common, and hair-like needles of rutile, 
sometimes curved, are occasionally present, being more numerous in the 
potash feldspars. A little pyrite and a few small grains of titanite make 
up the remaining accessory minerals. 

A mile northwest of Pemberton, the granite exposed is nearly white 
in color and almost free of biotite. ‘The minerals recognizable in the 
hand specimen (25) are white feldspar, quartz, and muscovite, a very 
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little biotite, and occasionally small pink garnets. Under the microscope 
the rock is seen to consist of irregular individuals of feldspar, quartz, and 
muscovite, ranging up to 1 mm. or over in diameter, which are surrounded 
by and grade into a finer ground-mass, composed largely of quartz and 
feldspar, and frequently granophyric in texture. Named in the order of 
their relative abundance, the mineral constituents are potash feldspar 
(chiefly microcline), quartz, soda-lime feldspar (probably oligoclase), mus- 
covite, and a little biotite. The albite twinning in the plagioclase is very 
fine and sometimes absent. Around their border portions the feldspars 
frequently show graphic intergrowths with quartz. The muscovite is 
partly secondary after feldspar but most of it is probably primary. Only 
a little biotite is present, occurring in small dark brown flakes which are 
partly altered to chlorite. The quartz shows strain shadows and contains 
numerous fluid-filled cavities, some of which have moving bubbles. 

Cartersville—Fresh rock is exposed at a number of places in the 
vicinity of Muddy Creek and along the road a mile south of Cartersville. 
Most of it is the light gray muscovite granite, similar to Spec. 27, described 
above. In the road 200 yards southeast of Muddy Creek there is an out-. 
crop of porphyritic granite. The rock (Spec. 473) contains numerous 
phenocrysts of white, unstriated feldspar ranging up to 1 cm. in diameter, 
and in places these feldspars constitute the greater part of the rock mass. 
They are surrounded by a fine-grained ground-mass of feldspar, quartz, 
biotite, and muscovite. A similar rock occurs on the opposite side of the 
river, about halfway between Pemberton and Stokes, where the feldspar 
phenocrysts range up to 5 or 6 cm. in diameter and are strung out in lines 
parallel to the schistosity. In some of the rock the large feldspars are so 
numerous that it resembles a pegmatite rather than a granite porphyry. 
The dominant rock in this vicinity, as elsewhere in the Cartersville area, 
is the light gray, muscovite granite. In places it contains pink garnets 
0.5 cm. in diameter. At several points the dominant rock is cut by dikes 
of later granite, 2 or 3 feet in thickness. This later granite is fine- 
grained, less schistose, and contains more biotite and less muscovite. 

Stokes—One of the few places in the Cartesville area where horn- 
blende rocks occur is located above three-quarters of a mile west of Stokes. 
At this point there is a small outcrop of fine-grained, even-granular schist, 
showing slightly gneissic banding, and composed essentially of quartz, 
feldspar, black hornblende, and epidote. The surrounding rock is chiefly 
a muscovite granite with occasional outcrops of pegmatite. 
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Elk Hill Complex. 


GENERAL DESCRIPTION. 


The Elk Hill complex is made up of three principal rock types—biotite 
granite, hornblende schist, and pegmatite—which occur interleaved in 
layers of varying thickness and in places are much contorted. The horn- 
blendic rock appears to have been formed first and the granite intruded 
into it later, while the pegmatite frequently cuts both of the other rocks. 
The complex is from one to 114 miles wide where it crosses James River 
at Elk Hill, and the best exposures are found in the bluffs three-quarters 
of a mile below Elk Hill. There are exposures along the road 114 to 2 
miles east of Flanagan Mills, and also in the road just southeast of Fife, 
but at neither of these localities is it possible to obtain fresh material. 


DETAILED DESCRIPTIONS. 


Excellent outcrops of fresh rock occur along the bluffs, three-quarters 
of a mile southeast of Elk Hill, where much blasting was done to make 
room for the old James River canal. In the photograph shown in Pl. VIII, 
fig. 1, the straight dark bands are hornblende schist, while the light- 
colored layers consist of biotite granite and pegmatite. The contortions 
seen in the layer or dike of granite, which occupies the center of the photo- 
graph, probably represent flow structure, for if they were formed by crustal 
movements occurring after the complete solidification of the rock the layers 
of hornblende schist would likewise have been affected. The light-colored 
bands in the granite are pegmatitic in character. Elsewhere in the imme- 
diate vicinity the granite may be seen cutting across the hornblendic rock 
while the veinlets of pegmatite sometimes stop short at the contact and 
sometimes cut across both rocks. 

The hornblende schist (Spec. 22) is dark gray to nearly black in color, 
and is composed of black hornblende, in crystals ranging up to 2 or 3 
mm. in length, white feldspar, and a little black biotite. Small grains of 
pink garnet can be identified in places. The rock is cut by narrow, ir- 
regular veinlets of white feldspar and quartz, and contains lenticular eyes 
of feldspar 2 cm. and less in diameter. Occasionally a little fine multiple 
twinning can be distinguished on these feldspars. Under the microscope 
the hornblende shows perfect cleavage and is pleochroic in shades of 
light green, greenish-blue, and brown. The feldspars are plagioclase 
(probably oligoclase) and sometimes show zonal growth; multiple twin- 
ning is very fine when present and is frequently absent. There is also 
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present a little quartz, occasional ragged prisms of tourmaline, numerous 
rounded grains of titanite, and a little epidote. The thin section is crossed 
by several microscopic fractures, which branch in places and are filled 
chiefly with quartz and feldspar. 

The granite (Specs. 21 and 23) is a light gray, fine-grained rock, com- 
posed essentially of white feldspar, quartz, and a little black biotite, while 
small pink garnets can be identified in places. It is cut by occasional, 
irregular, segregation stringers of pegmatitic feldspar and quartz. Fine 
multiple twinning can sometimes be distinguished on the feldspars. In 
thin sections under the microscope, soda-lime feldspar is seen to be 
dominant with the potash feldspars (orthoclase and microcline) present 
in variable amounts; there are granophyric intergrowths of feldspar and 
quartz; and both the feldspar and quartz show fracturing and optical 
distortion. Biotite occurs in small flakes dark green to brown in color, 
and a little sericite is present as an alteration product of feldspar. Ragged 
prisms of tourmaline, and occasionally irregular grains of titanite, 
magnetite, and pyrite make up the accessory minerals. The quartz grains 
contain numerous fluid inclusions. 

In mineral composition this rock corresponds to a granodiorite and is 
closely similar to the granite (granodiorite) exposed in the quarry at 
Columbia, an analysis of which is given on page 65. The Elk Hull granite 
is finer grained and probably contains less quartz than the rock at 
Columbia. 

Passing northeast toward Elk Hill the granite bands become broader, 
less contorted, and more uniform in composition; and there is much less 
hornblende schist present. Near Elk Hill the schistosity has a strike of 
N. 45° E. and a dip of about 45° southeast. The granite exposed near 
Byrd Creek is similar to that in the Columbia area on the west side of the 
pegmatite belt. 

In places the hornblende schist contains much epidote, and about a 
mile southeast of Elk Hill some of the rock is composed almost exclusively 
of light green, granular epidote and white feldspar. In a thin section 
of this rock (Spec. 26), examined under the microscope, the epidote is 
largely in excess, occurring in irregular rounded grains, that look as though 
they might be primary. It is slightly pleochroic, changing from light 
yellowish-green to colorless. The feldspars are partly kaolinized but are 
probably all plagioclase. A little quartz and a few small grains of 
ilmenite, partly altered to leucoxene, make up the remaining minerals 
present. 
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Pegmatite Belt. 


GENERAL DESCRIPTION. 


The pegmatite belt can be traced across the area mapped, in a north- 
east and southwest direction, from Hadensville in Goochland County, to 
Cumberland, near the southern boundary—a distance of over 30 miles— 
and it extends for an unknown distance beyond the limits of the map. In 
width the belt varies up to nearly three miles, and perhaps more, for lack 
of exposure makes it difficult to locate the exact boundaries except in a 
few localities. 

While pegmatite is the dominant rock in this belt, there is also much 
interleaved granite, especially along the eastern side. North of James 
River, where the area was mapped in detail, the northwest contact of the 
pegmatite with the granite is sharply defined, but the other boundary is 
less definite, for the pegmatite apparently fingers out into the granite; 
and in many places the two rocks are so closely associated that it would 
be impossible to map them as separate units. In most of the specimens 
of granite obtained from the central portion of the pegmatite area, and 
examined microscopically, the potash feldspars are dominant over the 
soda-lime feldspars. Hornblende schists are practically absent; no out- 
crops were seen, and the few pieces of float found were near the border 
portions. 

The pegmatite area is one of low relief and there are few prominent 
outcrops. It seems to be less resistant to erosion than the granite, and 
this probably explains the location of Little Byrd Creek, which, through- 
out almost its entire length, is confined to the pegmatite belt. 


DETAILED DESCRIPTIONS. 


James River section.—The best rock exposures found in the pegmatite 
belt occur along the steep hills and bluffs that border the lowlands on the 
north side of James River. The railroad station at Island is near the 
center of the belt, which is here about 3 miles wide. The western boundary 
crosses the river midway between Columbia and Island, and is sharply 
defined; but the eastern boundary, which crosses the river near Byrd 
Creek, is less definite, for the pegmatite is more or less interleaved with 
biotite granite and the exposures are rather poor. 

Near the western boundary of the pegmatite belt, 114 miles northwest 
of Island, there are outcrops of coarsely crystalline pegmatite (Spec. 12-A) 
composed of pink orthoclase feldspar, quartz, and a little muscovite. The 
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feldspar, which is dominant, occurs in irregular individuals ranging up to 
2 or 3 inches in diameter. The rock is slightly gneissic in structure, the 
strike of the schistosity being northeast and southwest and the dip nearly 
vertical. 

In places the coarse pegmatite is interleaved with a fine-grained pegma- 
tite or granite (Spec. 12), similar in composition, and highly schistose. 
Examined under the microscope it is seen to be granitic in texture with 
occasional fine micrographic intergrowths of quartz and feldspar. Micro- 
cline is the dominant mineral, orthoclase being also present, while quartz 
and acid plagioclase feldspars occur in lesser quantities. The feldspars 
frequently show perthitic intergrowths and are partly kaolinized; the 
quartz contains irregular fluid inclusions, which occasionally hold moving 
bubbles; and both minerals have been more or less fractured and show 
some optical distortion. The muscovite is partly if not entirely secondary 
after feldspar. Magnetite, ilmenite partly altered to leucoxene, and titanite 
make up the minor accessory minerals. 


A coarse-grained, gneissic pegmatite, which outcrops half a mile west 
of Island, contains numerous red garnets, 1 to 2 mm. in diameter; other- 
wise it is similar to the rock previously described. In the vicinity of 
Island there is much biotite granite intermixed with the pegmatite. 


Inttle Byrd Creek.—¥or several hundred yards east of Little Byrd 
Creek, and about 214 miles northeast of Island, the road to Fife is crossed 
by alternating bands of pegmatite and granite, which vary in width from 
an inch up to several feet. The average strike is N. 45° EH. The pegma- 
tite (Spec. 71) is composed of pink potash feldspar, in individuals ranging 
up to 3 inches in diameter, quartz, a little muscovite, and a few dark red 
garnets, some of which are over half an inch in diameter. In places a 
graphic intergrowth of quartz and feldspar may be distinguished. Farther 
east the bands are somewhat contorted. 


Where the large branch crosses the road, half a mile west of Little 
Byrd Creek, a dark brown, fine-grained granite is exposed. It is about 50 
yards wide and has a strike of N. 45° HE. The rock (Spec. 70) is fine- 
grained, even-granular, except for occasional phenocrysts of potash feldspar 
about 0.5 cm. in diameter, and is only slightly schistose. Examined under 
the microscope it is seen to consist of potash feldspar (chiefly orthoclase), 
soda-lime feldspar, quartz, biotite, muscovite, a little light brown horn- 
blende, a few scattered grains of magnetite or ilmenite, and occasional 
needle-like inclusions of rutile. The feldspar individuals, near their 
borders, frequently show granophyric intergrowths with quartz. The 
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quartz grains contain numerous fluid inclusions, some of which hold 
rapidly moving bubbles. Both quartz and feldspar show fracturing and 
optical distortion. The muscovite is partly secondary after feldspar but 
some of it is probably primary. 

Lantana.—The contact between the pegmatite and granite crosses the 
road to Bula, 1144 miles southeast of Lantana. The outcrops are much 
weathered but in places graphic intergrowths of feldspar and quartz can 
be seen. ‘The pegmatite weathers to a white soil which is readily distin- 
guished from the gray, sandy soil of the granite and the dark red clay of 
the hornblende schist. 


Bula.—On the east side of the pegmatite belt, in the vicinity of Bula, 
the boundary is not very definite, for the pegmatite splits up into dikes 
that are separated by areas of granite. One of these dikes is located about 
half a mile southeast of Bula, and can be traced in a northeast and south- 
west direction for a mile or more. This pegmatite (Spec. 77) contains 
a large amount of muscovite mica, and flakes 2 or 3 inches in diameter 
are sometimes found on the surface. 


Shannon Hill—The western boundary of the pegmatite belt crosses 
the Three Chop road about 214 miles southeast of Shannon Hill. There 
are practically no outcrops along this ridge road, but an exposure of partly 
decomposed pegmatite was found in a recently opened ditch. The rock is 
a beautiful example of graphic pegmatite, being composed almost exclu- 
sively of feldspar and quartz, and shows little if any schistosity. 


Dickey farm.—On the farm of G. 8. Dickey, 2 miles southeast of 
Cremona, there are several pits that were sunk in prospecting for gold. 
Natural exposures are few in this vicinity, but the country rock is partly 
a dark granite similar to Spec. 70, described on page 60. In the pits a 
dark blue, close-textured, siliceous rock is exposed, which appears to have 
been formed by silicification of the country rock, for it contains fragments 
of the granite that are only partly replaced by silica. The rock is exten- 
sively brecciated and has been recemented by white vein quartz. ‘There 
are numerous vugs lined with quartz crystals and many of the veinlets 
show crustification. The minerals sphalerite, pyrite, chalcopyrite, and 
galena, are present in small amounts and may be identified in places; 
and assays are reported to show traces of gold and silver. The ore min- 
erals, at least in part, appear to be of later deposition than most of the 
quartz; in one specimen, sphalerite occurs filling a small cavity which is 
lined with quartz crystals. 
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Other localities —Pegmatite is exposed at many places in Cumberland 
County along the strike of the pegmatite belt, but outcrops of fresh rock 
are rare, and all that were examined in detail show little variation from 
the occurrences described above. Pegmatite is exposed near Willis River, 
for a mile or two southwest of Flanagan Mills; it outcrops near Reynolds 
Creek, about 2 miles southeast of Trenton Mills, and again between Tally 
and Oak Forest; and there are numerous exposures in the vicinity of 
Cumberland, and near the southern boundary of the area mapped. 


Columbia Area. 


GENERAL DESCRIPTION. 


The Columbia granite area is bounded on the northwest by the meta- 
morphosed sedimentaries, chiefly pre-Cambrian in age, and on the south- 
east by the pegmatite belt; but much of the granite that occurs inter- 
leaved with the pegmatite and in the Elk Hill complex appears to be 
similar in mineral composition to the typical granite of the Columbia 
area, and probably has a common origin. 

In the Columbian area there is very little rock present corresponding 
in mineral composition to a true granite, in which orthoclase is dominant 
over the plagioclase feldspar. Almost everywhere soda-lime feldspars are 
in excess, and near the border portion of the rock and close to many of 
the areas of hornblende schist, the potash feldspars are entirely absent. 
Therefore the rock may more properly be called a granodiorite or quartz- 
diorite. Muscovite is not common; biotite is usually plentiful in the 
dominant and more acid facies of the rock, but in the southern portion of 
the area it is largely replaced by hornblende. 

Hornblende schists are of frequent occurrence in all portions of the 
area except in the north end of the tongue or embayment lying between 
Carysbrook and Wilmington; they become more plentiful near the contact 
with the old metamorphosed sedimentaries, where they commonly form a 
narrow belt separating the granite from the older rocks. In some places a 
gradation may be traced from granite into hornblende schist, but fre- 
quently the contact between the two is sharply defined. The areas of 
hornblende schist vary in size from a maximum of several square miles 
down to small masses, such as are usually called schlieren. 

In passing northward from James River toward Carysbrook and 
Wilmington, there is a gradual but very noticeable change, both in the 
mineral composition and in the texture of the rock. While the exposures 
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are by no means continuous, outcrops are fairly plentiful along the bluffs 
of Rivanna River, and nowhere is there any evidence of sudden change 
such as would be expected if there were rocks present belonging to different 
periods of intrusion. 

South of James River, soda-lime feldspars greatly predominate over 
the potash feldspars, which are frequently absent; most of the rock is 
hornblendic rather than biotitic; and the areas of hornblende schist are 
common. Passing northward toward Carysbrook the potash feldspars 
become more abundant though they are usually subordinate to the plagio- 
clase; hornblende is rarely present in the granite, while biotite which is 
plentiful near the river becomes relatively scarce; and no areas of horn- 
blende schist were found northwest of Rivanna Mills. The change is 
therefore one of decreasing basicity, and of decreasing percentages of the 
minerals that commonly crystallize out first. 

In the vicinity of James River the granites are even-granular in 
texture but passing northward they become porphyritic and contain pheno- 
crysts of feldspar. These phenocrysts are frequently bent and broken, the 
fractures as well as the interstitial spaces being filled with minerals of 
later crystallization; and this indicates that differential movements took 
place in the magma after crystallization had commenced and before the 
rock had completely solidified. The occurrence of masses of coarse- 
grained granite surrounded by rock of finer texture, such as may be seen 
in the quarry a mile northwest of Carysbrook (see description, pages 75-77), 
is probably due to the same causes. 

The granite south of James River is highly schistose; the rocks exposed 
in the vicinity of Fork Union and Rivanna Mills are much less affected, 
while north of Carysbrook the granite is almost massive. 

Pegmatite dikes are plentiful near Rivanna Mills, but were not noted 
elsewhere in the Columbia area. These pegmatites show little or no 
evidence of schistosity. 

All of the facts outlined above lead to the same conclusions, namely, 
that the granite in the north end of the embayment between Carysbrook 
and Wilmington solidified later than the rock in the remainder of the 
area; that important differential movements took place while this later 
granite was in process of crystallizing; and that the magma from which 
the latter solidified was probably residual from the crystallization of the 
older rocks. 
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DETAILED DESCRIPTIONS. 


Columbia.—The Cowherd quarries,“ located on the north side of James 
River at Columbia, and lying partly in Goochland County and partly in 
Fluvanna County, furnish the best exposures of fresh granite that are to 
be found in the Columbia area. These quarries were first opened when 
the James River canal was in service, but in recent years little work has 
been carried on, and since 1900 all operations have been suspended. 

The rock is of medium dark-gray color, fine-grained, even-granular, 
and very schistose, with fine, straight banding. The minerals distin- 
guishable megascopically are white, glassy quartz and feldspar, black 
biotite, a few, hght green grains of epidote, which are for the most part 
closely associated with the biotite, and occasional small pink garnets. 
Multiple twinning can be distinguished on some of the feldspars with the 
aid of a pocket lens. 

The strike of the schistosity is N. 45° E. The vertical joints are 
widely spaced, intersecting the rock in three or more directions, and the 
joints parallel to the surface are spaced 2 to 3 feet apart in some of the 
deeper exposures. The granite is cut by numerous quartz veins which 
usually carry a little biotite. They vary from a fraction of an inch up to 
2 feet in width, and run in all directions, though most of them are 
probably parallel to the schistosity. The fact that fractures frequently 
intersect the veins in directions coincident with the schistosity indicates 
that they were formed before the cessation of the period of deformation.” 
The presence of biotite and, occasionally, of a little muscovite and feldspar, 
are additional evidence of the early formations of the veinlets and of 
their probable magmatic origin. 

Examined in thin section (Spec. 240) under the microscope the rock 
is seen to be composed of the following minerals, the order given being 
that of relative abundance—quartz, soda-lime feldspar (oligoclase), pot- 
ash feldspars (chiefly microcline), biotite, muscovite, epidote, garnet, cal- 
cite, zircon, and apatite. Under low magnification the schistosity is 
distinct; most of the mica shows parallel orientation and the segregation 
of the quartz into bands is so pronounced that in places they resemble 
veinlets. This fact suggests that some of the quartz veinlets exposed in 
the quarry may have been formed by segregation through fractional crystal- 
lization during the solidification of the granite. 








aWatson, Thomas L., Granites of the Southeastern Atlantie States, Bull. U. S. . 
Geol. Survey, No. 426, 1910, pp. 112-113. 
bWatson, Thomas L., Ibid., p. 113. 
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The quartz is present in large clear individuals that in places show a 
slightly wavy extinction; liquid- and gas-filled cavities are common, 
occurring partly in irregular shapes, and partly in small oval or rounded 
forms that are arranged in long rows or planes. 

The soda-lime feldspar, which is dominant over the potash feldspars, 
shows rather coarse twinning after the albite law; the potash feldspar is 
nearly all microcline and there is only a little orthoclase present. Grano- 
phyric intergrowths of feldspar and quartz are fairly plentiful. 

Biotite occurs in small dark green flakes showing strong absorption, 
and the white mica present is partly if not entirely secondary after 
feldspar. The epidote is in small, irregular light green to colorless grains, 
which are more plentiful wherever the biotite is abundant and are absent 
in areas containing little biotite. 

Small pink garnets are scattered through the thin section; they are 
frequently fractured and broken, and seldom show good crystal form. The 
small amount of calcite present is evidently secondary. Numerous small 
idiomorphic crystals of zircon, and occasional apatite needles, are present 
as inclusions in the quartz and feldspar. 

In mineral composition the rock is intermediate between granite and 
quartz-diorite. In the quantitative system of classification of igneous 
rocks it falls in class 1, order 3, rang 3, and subrang 4. A complete 
chemical analysis made from an average sample of the granite exposed in 
the quarry is given below. 


Analysis of granite from Cowherd quarry, Columbia. 
(Dr. Roger C. Wells, analyst.) 
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About a quarter of a mile northwest of the quarries described above, 
and on the east side of the Stage Junction road as it leaves Columbia, a 
fresh surface of granite is exposed by recent blasting. The rock is cut 
by irregular veinlets of quartz some of which contain biotite mica; and 
there are also veinlets of coarsely crystalline calcite ranging up to 2 inches 
in width. 

Megascopically the rock (Spec. 5) is similar to the granite described 
above, excepting that the gneissic banding is slightly more prominent. 
Under the microscope the chief difference is in the relative proportion of 
the feldspars, orthoclase and microcline being present in very subordinate 
amounts. White mica is practically absent and there is a little hornblende 
present, dark green to bright blue in color. Ilmenite, partly altered to 
leucoxene, occurs as a minor accessory constituent. 


Passing northward along the Stage Junction road bands of hornblende 
schist begin to make their appearance at a distance of half a mile from 
Columbia. At first these bands or schlieren are only a few feet wide, but, 
as the contact with the sedimentaries is approached, they become larger 
and more plentiful until, within 400 or 500 yards of the contact, the 
granite completely disappears. ‘There is also a change in the direction of 
the schistosity; near Columbia it has a strike of approximately N. 45° E., 
but near the sedimentaries the schistosity runs N. 15° W., and appears to 
be parallel to the contact. These areas of hornblendic rocks occur through- 
out most of the Columbia granite area, but they are much more plentiful 
in the vicinity of the borders. 


About 114 miles'east of Columbia there is a large rock exposure show- 
ing a gradation of the granite into hornblende schist. The schistosity 
varies from N. 20° to 40° E. The belt of hornblende schist is elongated 
parallel to the schistosity—the width being about 200 feet, and the length 
indeterminable because of the lack of sufficient exposures. 


Specimen 6, taken more than 100 feet west of the belt of schist, is 
intermediate in character, but in the hand specimen is almost indistin- 
guishable from the typical Columbia granite. The rock is dark gray in 
color, fine-grained, and shows a well-developed gneissic banding. It is 
composed essentially of quartz, feldspar, biotite, black hornblende, which 
is very difficult to distinguish megascopically from the biotite, small pink 
garnets, and a little epidote. 

Examined under the microscope, soda-lime feldspar seems to be 
dominant over quartz, the potash feldspars are absent, and the hornblende 
is equal to or in excess of biotite. The feldspar frequently shows twinning 
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according to the pericline as well as the albite law; the quartz contains 
numerous fluid inclusions arranged in long lines or planes; and the horn- 
blende is brown to dark green in color, and shows occasional idiomorphic 
outlines with perfect cleavage. Small, well-formed, pink garnets, a few 
grains of light green to colorless epidote, and, rarely, small idiomorphic 
crystals of zircon make up the minor accessory minerals. 

Specimen 7 was taken from the outcrop about 30 feet northeast of the 
rock just described. It is finer grained than specimen 6, and contains 
more hornblende, much of which is concentrated in narrow streaks or 
schheren. Under the microscope, plagioclase feldspar is seen to be 
dominant over quartz, and there is no potash feldspar or white mica 
present. The feldspars show twinning after the pericline as well as the 
albite law, and some of them contain peculiar inclusions of feldspar or 
quartz, which are present in alternate bands of the albite twinning. These 
inclusions are in the form of narrow parallel bands, which are oriented at 
an angle of 30° to the twinning planes, and they all extinguish simul- 
taneously. The hornblende is strongly pleochroic in shades of dark green, 
blue, and greenish-brown. The biotite is light brown to green in color and 
is not nearly so plentiful as the hornblende. Garnet in fairly well formed 
crystals, irregular grains of epidote, ilmenite, and small inclusions of zircon 
make up the minor constituents. 

About 110 feet east of the specimen just described, the rock (Spec. 8) 
contains flat, bladed crystals of black hornblende, ranging up to 1 cm. in 
length, embedded in a medium-grained ground-mass of feldspar and quartz. 
With increase of hornblende there is a corresponding decrease of biotite, 
and portions of the rock are almost free of mica. The garnets are like- 
wise larger in this rock, some of them being nearly 0.5 cm. in diameter. 
The larger size of some of the minerals, especially the hornblende, may 
have been caused by a partial resolution before complete solidification had 
takn place, followed by continued crystal growth. 

Microscopically, soda-lime feldspar is the dominant mineral and there 
is no potash feldspar or white mica present. Both albite and pericline 
twinning are common. Quartz is the second mineral in relative abundance 
and contains numerous irregular fluid-filled cavities. Dark green horn- 
blende is the principal ferromagnesian mineral, only a little brown biotite 
being present. The remaining accessory minerals are garnet, in numerous 
well-formed crystals, epidote, ilmenite partly altered to leucoxene, pyrite 
partly altered to limonite, and small included grains of titanite and zircon. 


Specimen 9, taken from a point 30 feet southeast of the rock last 
described, is a typical quartz-diorite schist. It is a dark gray, medium- 
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grained rock in which black hornblende, and white quartz, and feldspar ; 
are the only minerals distinguishable megascopically. Under the micro- 
scope plagioclase (probably andesine) is seen to be dominant, but dark 
green hornblende is almost as abundant as the feldspar. Quartz, a little 
epidote, and a few small, scattered grains of ilmenite make up the remain- 
ing constituents. Both quartz and feldspar show considerable optical 
distortion and some fracturing. 


Specimen 10 was taken 80 feet farther northeast. Megascopically it 
is similar to specimen 9, but contains more hornblende and is darker 
colored, being almost black. Examined microscopically no feldspar could 
be distinguished. The minerals present in the order of their relative 
abundance are hornblende, quartz, epidote, chlorite, and a few scattered 
grains of ilmenite. 


About 100 feet to the east there is an outcrop of greenish-gray, talcose 
schist, which probably represents an alteration product of the amphibolite 
schist described above. In thin section (Spec. 11) under the microscope, 
the rock is seen to consist of needle-like crystals of secondary hornblende, 
light green to almost colorless talc, a little chlorite, and numerous small 
grains of magnetite. 

Near the large creek 2 miles southwest of Columbia there is much 
quartz lying loose on the surface and these pieces contain much musco- 
vite, and occasionally miarolitic cavities lined with poorly formed crystals 
of quartz, feldspar, and muscovite. Some of the mica shows well-developed 
hexagonal shapes. 

On the road to Lantana, hornblende schists are first encountered about 
half a mile northeast of Columbia, and, continuing northeastward, the 
occurrences increase in number and extent, until in the vicinity of the 
contact, little granite is to be found. The contacts between the areas of 
hornblende schist and the granite are commonly sharp and well defined, 
but in many places rocks occur that are intermediate in mineral com- 
position. 

Big Byrd Creek.—On the east side of Big Byrd Creek, near the contact 
between the granitic rocks and the altered sedimentaries, there is an out- 
crop of rock which is intermediate between the granite and the typical 
hornblende schists. 

It is a dark gray, fine-grained gneiss (Spec. 29) composed essentially 
of feldspar, hornblende, quartz, and biotite. Examined microscopically the 
feldspar is seen to be all plagioclase; multiple twinning is frequently 
absent, and as the index of refraction is close to that of quartz, there is 
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difficulty in distinguishing between the two minerals. The hornblende 
crystals are strongly pleochroic, ragged in outline, and contain numerous 
inclusions of quartz, feldspar, and epidote. The biotite, which is partly 
altered to chlorite, is not plentiful. Ilmenite occurs in irregular grains 
scattered through the rock, and shows partial alteration to leucoxene. 


Lantana.—A peculiar variety of the hornblende schist was found about 
114 miles southeast of Lantana. The minerals recognizable megascopically 
are black hornblende and a little fine-grained, white feldspar. The horn- 
blende crystals are frequently stained a deep red color, and the contrast 
between the black, red, and white gives the rock a very striking appearance 
in the hand specimen (93). Examined microscopically it is seen to consist 
of hornblende, basic plagioclase, epidote, quartz, magnetite partly altered 
to limonite, and a few small grains of rutile. 

About 244 miles northeast of Lantana the pegmatite belt approaches 
within less than 400 yards of the altered sedimentaries, and the inter- 
vening space is largely occupied by hornblende schists. At this point the 
biotite granite is absent, being replaced by a hornblende-bearing rock 
(Spec. 99), which closely resembles a granite in appearance, but contains 
no potash feldspar. It is a medium, dark gray, gneissic rock, composed of 
quartz, acid plagioclase, hornblende, and garnet, with lesser amounts of 
magnetite, zircon, and titanite. Some of the feldspar is unstriated and 
difficult to distinguish microscopically from quartz, which it resembles in 
refraction and birefringence. The hornblende is dark green to bluish-green 
in color, strongly pleochroic, and shows fairly good cleavage. Pink garnets 
are very plentiful, and the larger ones contain numerous inclusions of 
quartz and magnetite. 

Passing northeast from the locality just described, the lack of exposures 
makes it difficult to trace the exact contact between the granite area and 
the metamorphosed sedimentaries; and this difficulty is increased by the 
uncertainty as to the igneous or sedimentary origin of some nO the rocks 
in the immediate vicinity of the contact. 

Granite is exposed in the branch near the private road, less than a 
mile northeast of the Young American mine. It is a hght gray, fine- 
grained rock (Spec. 105), composed chiefly of quartz and feldspar, with 
minor amounts of biotite. Under the microscope the feldspar is seen to be 
plagioclase (probably andesine), but, as much of it is unstriated, it 1s 
distinguishable from quartz with difficulty. The rock contains a little 
sericite, ilmenite partly altered to leucoxene, and occasional small inclu- 
sions of rutile, titanite, and zircon. 


70 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


Tabscott—Granite and hornblende schist outcrop together near the 
branch half a mile northeast of the locality last described and about 134 
miles south of Tabscott. The granite (Spec. 108) is a light gray, fine- 
grained rock, gneissic in structure, and composed for the most part of 
quartz, feldspar, and small flakes of ght green chlorite. Examined 
microscopically the feldspars are seen to be chiefly acid plagioclase, with 
only a little orthoclase present; granophyric intergrowths with quartz 
are common; and in places the feldspars show alteration to sericite. 
Ilmenite occurs in small grains that usually show alteration to titanite or 
leucoxene. The alteration to titanite is more common and there are many 
grains of the latter scattered through the rock. 

The hornblende schist (Spec. 109) is dark bluish-gray in color, and 
usually fine-grained. The hornblende, which is dominant, occurs in 
slender, prismatic crystals, that are dark green in thin sections, and fre- 
quently show idiomorphic outlines and perfect cleavage. Quartz and un- 
striated plagioclase feldspar (probably andesine) fill the interstices between 
the hornblendes. Ilmenite and rutile are prominent accessory constituents, 
occurring as included grains in all of the other minerals, though they are 
not so plentiful in the hornblende. ‘There are also numerous grains of 
titanite present, probably secondary after the other titanium minerals, 
and small crystals of zircon occur as inclusions in the quartz. 


A similar, but slightly coarser-grained, hornblende schist outcrops in 
the road 1144 miles southwest of Tabscott. The rock (Spec. 215) is com- 
posed of hornblende, quartz, unstriated plagioclase (oligoclase or andesine), 
a little epidote, and numerous grains of titanite, some of which contain 
small inclusions of rutile. In these schists the hornblende crystals have a 
strong tendency to lie with their columnar directions almost parallel, and 
it is this that gives the rock its schistosity. The strike of the schistosity 
is WN yb lee: 

Payne farm.—On the Payne farm, 144 miles southeast of Tabscott, 
there is a number of old pits or quarries from which the Indians obtained 
steatite. ‘These openings are surrounded by pieces of broken bowls which 
were ruined in the process of making. Recently, sawed slabs of this rock 
have been used to line the fire boxes of boilers, at some of the mines in 
the vicinity, and it is said to have proved very satisfactory for the purpose. 

The rock (Spec. 107) is greenish-gray in color and in places contains 
small crystals of magnetite and pyrite. Under the microscope it is seen to 
consist largely of talc and needle-like crystals of secondary hornblende. There 
are also a few fragments of unaltered hornblende which may be primary, 
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much chlorite, and a ttle magnetite or ilmenite, and titanite. The rock 
is evidently derived from a basic igneous rock, probably from the horn- 
blende schists. A similar occurrence is described on page 68. 

Some of the rock in this vicinity contains a greater percentage of horn- 
blende than the specimen described above, and other pieces were found that 
consist exclusively of bright green cleavable chlorite. 

Trent farm.—On the south side of James River, in the southern portion: 
of the Columbia area, the rocks are apparently more basic in composition, 
potash feldspars are practically absent and hornblende is often more 
prominent than biotite. On the farm of 8. W. Trent, 3 miles southwest of 
Hatcher, hornblende schist occurs in the vicinity of the contact. The rock 
is dark gray to black in color, with a highly lustrous fracture, due to the 
presence of much hornblende having approximately parallel orientation. 
The minerals present, in the order of their relative abundance, are pris- 
matic hornblende, feldspar, quartz, and a little epidote. The feldspar is 
all plagioclase, corresponding to labradorite in extinction angle and index 
of refraction, and much of it is unstriated. 

Passing northwest as far as Hatcher, hornblende is a prominent con- 
stituent in most of the rocks found; in places it is dominant over the 
other minerals, forming the typical hornblende schists, but elsewhere 
feldspar is dominant, and the rocks correspond to diorites and quartz- 
diorites in composition. On the whole hornblende appears to decrease in 
abundance with distance from the contact. The same statement holds 
true for the rocks that are exposed between Lawford and the contact. 

Trenton Mills —On the west side of Willis River, in the vicinity of 
Trenton Mills, there is a large area of hornblende schist, possibly 2 or 3 
square miles in extent. The rock is medium-grained and highly schistose, 
the color varying from gray to black according to the amount of feldspar 
and quartz present. ‘The darker varieties are composed almost exclusively 
of hornblende. 


New Canton.—In some of the branches 3 or 4 miles south of New 
Canton a hornblende granite or quartz diorite is exposed, which contains 
a few large flakes of dark brown biotite and small pink garnets. A short 
distance east of the county road and 1%4 miles south of New Canton a light 
gray, gneissic rock (Spec. 300) is exposed which consists essentially of 
feldspar, quartz, biotite, and muscovite. 

Examined under the microscope no potash feldspar could be identified. 
The plagioclase has an index of refraction shghtly below quartz, approxi- 
mately corresponding to oligoclase in composition, and frequently shows 
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twinning after the albite and pericline laws, but much of it is unstriated. 
The biotite is brown to green in color and the muscovite is partly if not 
entirely secondary in origin. A little chlorite and epidote are present, 
but other accessories are rare. 


Stearnes.—Near the Chesapeake and Ohio Railroad, 2 miles northeast 
of Stearnes and 4 miles southwest of Columbia, the granite (Spec. 14) 
is light gray, fine-grained, and shows distinct gneissic banding. Occa- 
sional phenocrysts of feldspar showing Carlsbad twinning can be distin- 
guished in the hand specimen. This is one of the few localities in the 
Columbia area where the rock is a true granite in mineral composition. 
The minerals present, in the order of their relative abundance, are potash 
feldspar (chiefly microcline), soda-lime feldspar (oligoclase), and quartz ; 
a little biotite, muscovite, calcite, and epidote; and lesser amounts of 
garnet, titanite, ilmenite, leucoxene, and zircon. 


Microcline showing beautiful crossed twinning is the dominant mineral 
and orthoclase seems to be practically absent. Olgoclase, which is the 
second mineral in relative abundance, shows occasional twinning after the 
pericline as well as the albite law, and microperthite is fairly plentiful. 
Micrographic intergrowths with quartz are common. ‘The biotite is dark 
green to brown in color and not very abundant; the flakes are usually 
oriented parallel to the schistosity of the rock. The white mica appears 
to be entirely secondary after feldspar, but there may be some primary 
muscovite present. It does not show the same uniformity of orientation 
that is exhibited by the biotite. Calcite is unusually abundant and is 
probably secondary after plagioclase. Epidote occurs in small grains, being 
more plentiful where the biotite is most abundant, and is undoubtedly 
secondary in origin. The garnets contain numerous small inclusions of 
quartz. Titanite is common and in places contains included grains of 
ilmenite, from which it may have been derived. The ilmenite grain: 
occasionally show partial alteration to leucoxene. 

For a mile northeast of Stearnes hornblende schist is exposed in the 
bluffs along the railroad. It is a fine-grained, dark bluish-gray rock, com- 
posed of small black prismatic crystals of hornblende, showing approxi- 
mate parallel orientation, and white plagioclase and quartz. The contact 
with the granite on the northwest side of the schist is well exposed. It is 
sharply defined, without evidence of gradation, and has a strike of 
N. 45° E. 

Near Stearnes the hornblende schist is cut by narrow bands of siliceous 
rock 2 to 3 inches in thickness. This rock (Spec. 16) is fine-grained, 
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light gray in color, and closely resembles a quartzite in texture and appear- 
ance. Small pink garnets and needles of dark green hornblende are 
present in places, and some of the rock contains much fine-grained mag- 
netite. A thin section examined under the microscope contains irregular 
rounded grains of quartz, many idiomorphic crystals of magnetite, a few 
scattered prisms of dark green hornblende showing occasional crystal out- 
lines, a little plagioclase feldspar, sericite, and small inclusions of titanite 
and zircon. ‘The quartz contains numerous fluid inclusions. 

Fork Union.—The contact between the granite and the metamorphosed, 
pre-Cambrian sedimentaries passes through the town of Fork Union. 
Granite is exposed in the road about half a mile southeast of the town. 
It is a medium-grained, light gray rock, containing flakes of biotite 2 to 3 
mm. in diameter, and is much less schistose than the rocks previously 
described. 

Examined in thin section (Spec. 50) under the microscope, potash 
feldspar (chiefly microcline) appears to be dominant over soda-lime 
feldspar, but the rock is so badly altered that it is impossible to deter- 
mine their relative proportions. Micrographic intergrowths with quartz 
are common. Both quartz and feldspar show fracturing and_ strain 
shadows. The biotite occurs in greenish-brown flakes showing strong 
absorption. ‘The feldspars and biotite are extensively altered with the 
production of epidote, a little chlorite, and some sericite, as the principal 
secondary minerals. Reddish-brown prisms of tourmaline 1.5 mm. or 
more in length are occasionally present, and rutile needles are abundant 
especially in some of the biotite. Fluid inclusions are common in the 
quartz grains. 

A similar granite, occurring at the Snead mine a mile north of Fork 
Union, is described on page 181. 

Rivanna Mills—On the farm of H. Williams, half a mile north of 
Rivanna Mills, granite was formerly quarried to furnish stone for the dam 
and canal locks. This rock is medium dark gray in color and porphyritic 
in texture, containing eyes of feldspar that range up to nearly 1 cm. in 
diameter. The minerals recognizable megascopically are feldspar, quartz, 
biotite, a little muscovite, and, rarely, small grains of pyrite. Some of the 
feldspar phenocrysts show fine multiple twinning. ‘The schistosity is well 
developed, but is not nearly so pronounced as in the granites exposed in 
the section along James River. 


aThis thin section was made from a specimen collected by Dr. T. P. Maynard. 
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An average sample of partly decomposed granite, from an outcrop 100 
yards east of Mr. Williams’ house, upon assaying yielded 0.015 ounces of 
gold per ton (see pp. 220-221). The sample was taken after several inches 
of the partly decomposed rock had been removed in order to prevent con- 
tamination. 

Dikes of pegmatite and aplite occur cutting the granite at several 
points on the Williams farm, and these rocks show very little if any 
evidence of schistosity. One of these dikes, located about 600 yards north- 
east of the house, is exposed in a prospect shaft 15 feet in depth. It 
has a strike of N. 15° E. and: dips northwest at an angle of 45°. The 
pegmatite near the walls of the dike (see fig. 3) is fine-grained, and 
composed for the most part of feldspar and quartz, with only a little 
muscovite. The central portion of the dike consists chiefly of quartz 
carrying more or less feldspar and containing occasional coarse crystals 
of pyrite. Picked specimens of this quartz are said to have assayed nearly 
$3.00 gold per ton. 
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Fig. 3.—Vertical section showing pegmatite dike cutting granite near Rivanna Mills. 
G, granite; P, fine-grained pegmatite; @Q, quartz with a little feldspar and pyrite. 
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South of Rivanna Mills and also in the road three-quarters of a mile 
to the east there are numerous exposures of hornblende schist, and in the 
latter locality they are occasionally cut by small pegmatite dikes. 


Carysbrook bridge.—On the east side of Rivanna River, 150 yards below 
the road leading from Carysbrook to Wilmington, there is an exposure of 
granite (Spec. 61) containing feldspar phenocrysts ranging up to 1.5 cm. 
in diameter. The rock contains much less biotite than most of the granites 
previously described, and is only slightly schistose. 

Examined under the microscope, acid plagioclase is seen to be dominant 
with only minor quantities of orthoclase present. The feldspars show 
twinning after the albite, Carlsbad, and pericline laws, and in places there 
are micrographic intergrowths with quartz. The larger individuals fre- 
quently show evidence of having been bent and broken prior to the com- 
plete solidification of the rock, for the fractures are filled with minerals 
of later crystallization. The feldspars have been extensively altered to 
epidote, which is present in irregular rounded grains and in granular 
aggregates. The quartz contains rutile needles, imperfect zircons, and 
numerous fluid inclusions some of which show moving bubbles. There is 
also a small amount of light brown biotite present, but it is largely altered 
to chlorite. Pyrite is of occasional occurrence in smal!, cubical crystals, 
which show more or less alteration to limonite. 

A specimen (60) of the granite obtained about 20 yards above the 
Carysbrook bridge is typical of most of the rock in this vicinity. It is 
slightly schistose in structure, the feldspars are gray in color, and the 
biotite is not very plentiful. 

In thin section under the miscroscope it is seen that soda-lime feldspars 
(probably oligoclase) are dominant over the potash feldspars (orthoclase 
with a little microcline). The larger feldspars are frequently bent, or 
ruptured and faulted, and in some cases the fractures are filled with min- 
erals of later crystallization, indicating that there were probably differ- 
ential movements in the magma after crystallization had commenced and 
before the rock had completely solidified. The feldspars show twinning 
according to the albite, Carlsbad, and pericline laws, and they are more 
or less altered with the production of sericite, kaolin, epidote, and a little 
calcite. Biotite is present in small light green flakes partly altered to 
chlorite. ‘The quartz contains numerous fluid inclusions and occasionally 
moving bubbles. ‘Tourmaline is of sparing occurrence in lhght brown 
crystals with ragged outline. 


Carysbrook.—A quarry, opened in the granite to obtain rock for use 
in building the railroad, is located on the south side of Rivanna River, at 


76 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


the Virginia Air Line railroad bridge, a mile northwest of Carysbrook. 
This quarry is within 100 yards of the contact between the granite and a 
chloritic slate which lies on the west. 

The rock exposed in the quarry is exceedingly variable in appearance ; 
there are irregular areas or blotches of coarse-grained granite, ranging up 
to a foot or more in diameter, which are surrounded by a ground-mass of 
finer material; and the entire rock-mass is cut by irregular fractures 
running in every conceivable direction. Differential movements have taken 
place along some of these fractures, resulting in the formation of slicken- 
sided surfaces and the production of a little ight green chlorite. 

The masses of coarse-grained granite are composed essentially of 
feldspar, quartz, and biotite, with a little pyrite in places. Some of the 
feldspars are 1 cm. in diameter, but the larger ones are frequently frac- 
tured and broken. They are white to light gray in color and occasionally 
show coarse multiple twinning. The biotite flakes, which range up to 0.5 
cm. in diameter, have no regular orientation, and the rock shows little 
evidence of regular schistosity. In places the rock is cut by narrow vein- 
lets, 1 to 2 mm. wide, which are largely composed of feldspar similar to 
that of the inclosing granite. 7 

The fine-grained facies of the rock contains little or no biotite, con- 
sisting chiefly of feldspar and quartz; and as it has a uniform light gray 
color it is difficult to distinguish between the two minerals. A little calcite 
occurs in places along some of the fracture lines. 

Some of the granite found in the quarry and at other localities in the 
vicinity contains feldspars that are pink instead of gray in color, but this 
difference is probably due to alteration with the production of some ferric 
oxide, as the pink and gray varieties of rock are apparently similar in other 
respects. 

A thin section of the coarse-grained, gray granite was examined under 
the microscope.“ The feldspars occur in large individuals, ranging up to 
5 or 6 mm. in diameter, and are frequently fractured and faulted, while 
the fissures as well as the interstitial spaces are filled with minerals of 
later crystallization, chiefly quartz and feldspar. Soda-lime feldspar 
(oligoclase?) is probably dominant over the potash feldspars (orthoclase 
with less microcline), but the latter are abundant, and in places may equal 
the former. The plagioclase shows fine multiple twinning and is much 
altered by kaolinization, while calcite is also present as a secondary product. 


aThis thin section (Spec. 18) was made from a specimen collected by Dr. J. S. 
Grasty. 
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Liquid- and gas-filled cavities occur in some of the fresher feldspars and 
are abundant in the quartz. Quartz is not as plentiful as in the granites 
near the James River section. A few of the individual grains show optical 
distortion and fracturing, but most of them show no pressure effects. 
Biotite occurs in brownish-green flakes that are of later formation than 
most of the feldspar, and in places appears to have partly replaced potash 
feldspar. Chlorite is also present, probably as an alteration product of 
biotite. Pyrite is one of the minor accessories, occurring frequently in 
association with biotite—often along the cleavage planes. Ilmenite, partly 
altered to leucoxene, is present in small grains. 

The thin section is crossed by a number of narrow, branching veinlets 
composed of fine-grained feldspar and quartz, with a little biotite and 
chlorite. These veinlets cut directly across the larger feldspars and other 
minerals. 

A thin section of the pink granite, which was examined under the 
microscope, shows no essential difference from the rock described above. 
The feldspars have undergone greater kaolinization, the biotite is entirely 
altered to chlorite, and there is a little hornblende present, part if not 
all of which is secondary. A few ragged crystals of reddish-brown tourma- 
line, a little magnetite or ilmenite, and scattered grains of titanite are 
among the minor constituents. The rock is cut by narrow, branching 
fractures filled with dark green chlorite. 

Granite similar to that exposed in the quarry extends southward 
beyond Carysbrook, and in the railroad cut half a mile south of the station, 
Ordovician sediments may be seen lying upon the eroded surface of the 
granite. Most of the rock is badly decomposed, but all fresh specimens 
seen were nearly massive in texture. The granite in this vicinity is essen- 
tially the same as the rock exposed at Carysbrook bridge (see description 
of Spec. 60, p. 75) excepting that the latter is markedly schistose. 


Gold Hill Granite Area. 
GENERAL DESCRIPTION. 


The Gold Hill granite area lies between Kent’s Store and Tabscott, in 
the northeastern portion of the region mapped. A general description of 
the area is given under the discussion of the country rock in the vicinity 
of the Gold Hill vein system (see pp. 176-177), and therefore will not be 
repeated here. 
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DETAILED DESCRIPTIONS. 


McGloam mine.—The granite (Specs. 161 and 166) exposed on the 
dumps at the McGloam mine is typical of much of the rock in the Gold 
Hill area. It is light gray, fine-grained, even-granular, and the minerals 
distinguishable megascopically are feldspar, quartz, small flakes of dark 
green chlorite, a little sericite, numerous cubes of pyrite, and occasional 
grains of magnetite. 

Examined under the microscope the rock is seen to vary from granitic 
to granophyric in texture. The feldspar is probably chiefly acid plagio- 
clase, but twinning can seldom be distinguished. Orthoclase is also present 
and fine intergrowths of feldspar and quartz are plentiful. A little biotite 
occurs in the rock, but most of it seems to have been altered to chlorite. 
Sericite and calcite are fairly abundant as secondary minerals, probably 
derived from feldspars. The minor accessories include pyrite, magnetite, 
zircon, leucoxene, apatite, and rutile needles. Fluid inclusions are common 
in some of the quartz grains. 

This rock, which is fairly representative of the granite in the Gold Hill 
area, differs from the granites previously described in being finer-grained, 
with a greater development of micrographic intergrowths of quartz and 
feldspar, and in having no schistosity. It contains less biotite and a rela- 
tively larger proportion of some of the minor accessories, such as pyrite 
and magnetite. 

Pieces of hornblende schist are present on the dump of the incline 
shaft, but the schistosity is not so well developed as in most of the horn- 
blende schists of the district. The rock (Spec. 167) is dark green in color 
and rather coarsely crystalline, containing bladed crystals of hornblende 
that range up to 1 cm. in length. The other minerais distinguishable 
megascopically are white feldspar and quartz, a little chlorite, and 
numerous small grains of magnetite and pyrite. Under the microscope 
it is seen that the hornblende is irregular in outline and contains numerous 
inclusions of quartz and feldspar, and in places there are graphic inter- 
growths of quartz and hornblende. The feldspar is unstriated plagio- 
clase, probably albite. A little chlorite is present as an alteration product 
of hornblende, and rutile needles occur in some of the quartz grains. 

Another variety of rock (Spec. 165) present on the dump is a chlorite 
schist containing scattered cubes of pyrite 2 to 5 mm. square, and octa- 
hedrons of magnetite ranging up to 2 mm. in diameter. Examined under 
the microscope, the chlorite is seen to be secondary from hornblende, of 
which many unaltered fragments remain. Aside from the alteration of 
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hornblende to chlorite, the rock is essentially the same as the hornblende 
schist described above. 


Big Byrd Creek.—On the road, a quarter of a mile north of Big Byrd 
Creek and 114 miles southeast of Kent’s Store, there is an outcrop of 
greenish-gray granite (Spec. 82), which is slightly coarser-grained than 
most of the rock in the Gold Hill area. Some of the feldspars are 2 or 3 
mm. in diameter, and multiple twinning can occasionally be distinguished 
with the naked eye. Other minerals which may be identified in the hand 
specimens are quartz, chlorite, magnetite, garnet, and pyrite. 

Under the microscope the rock is seen to be composed almost entirely 
of micrographic intergrowths of feldspar and quartz, the feldspar consist- 
ing of orthoclase, acid plagioclase, and microcline in the order named. 
Feldspar phenocrysts, 3 mm. in length, are scattered through the rock, and 
in their border portions are intergrown with quartz. Small grains of 
magnetite and of ilmenite partly altered to leucoxene are present. ‘There 
is only a little mica—biotite and sericite—in the rock, but chlorite probably 
derived from biotite is common. Garnets, light pink in color, are of 
frequent occurrence; they usually contain numerous inclusions of quartz, 
and in places show micrographic intergrowths. Small zircons are plentiful 
as inclusions in the larger crystals of quartz. 

About 100 yards north of the rock just described there are outcrops 
of hornblende schist, and the rock with which it is in contact is inter- 
mediate in mineral composition between the typical granite of the Gold 
Hill area and the hornblende schist. 

A specimen (83) of this rock is white to light gray in color, fine- 
grained, and contains small prisms of dark green hornblende in a white 
ground-mass. There may also be distinguished a few small phenocrysts 
of feldspar, quartz, a little pyrite, small grains of magnetite, and occa- 
sional pink garnets. Under the microscope, the feldspar phenocrysts, 
ranging up to 2 mm. in length, are seen to be acid plagioclase; they are 
very irregular in outline, are often broken, and have a corroded appear- 
ance. The ground-mass, consisting chiefly of quartz and feldspar, fre- 
quently shows micrographic intergrowths. The hornblende shows idio- 
morphic outlines, is dark-colored, and strongly pleochroic. A little chlorite 
is present, probably as an alteration product ‘of the hornblende. Ilmenite 
partly altered to leucoxene and minute inclusions of zircon make up the 
remaining accessories. 

About half a mile south of Big Byrd Creek and 1144 miles southeast 
of Kent’s Store there are outcrops of chlorite schist in the road. The 
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schist (Specs. 80, 81, and 160) is clearly derived from a _ hornblende- 
bearing rock, and under the microscope fragments of unaltered hornblende 
can be identified. The rock which has undergone the least alteration shows 
the least schistosity. Small grains of pink rutile are scattered through 
the rock and can be easily recognized with the naked eye. 

Examined microscopically the rock is seen to consist largely of chlorite 
and needles of secondary hornblende. Unstriated plagioclase feldspar, 
quartz, and unaltered fragments of primary hornblende are also present, 
together with numerous small grains of rutile and titanite, and a few 
inclusions of zircon. The titanite is partly if not entirely secondary after 
rutile and some of the larger masses contain nuclei of the unaltered 
mineral. 

Hughes farm.—On the Hughes farm, half a mile northwest of the 
Tellurium mine, numerous pieces of breccia are found on the surface. 
The rock (Spec. 207) consists of angular and subangular fragments of 
quartz, feldspar, and fine-grained garnets, which have been more or less 
silicified and recemented by silica. Small cavities, lined with quartz 
crystals are occasionally present, and the secondary silica contains a little 
pyrite. The texture of much of the cementing silica, when it 1s examined 
megascopically, suggests that it was originally deposited as calcedony and 
subsequently altered to quartz. The fragments of country rock are largely 
replaced by silica. 

The distribution of this rock in a northwest and southeast line, a 
quarter of a mile or more in length, suggests that the breccia was formed 
by faulting, and that the cementing silica was deposited by solutions 
circulating along the fracture. 


Rosney Granite Area. 


There is a considerable area of granite in the vicinity of Rosney, the 
terminus of the Buckingham Branch of the Chesapeake and Ohio Railway, 
but because of the lack of outcrops it is not possible to determine its 
precise extent. On the west it is in contact with quartz-sericite schists 
and on the east similar schists intervene between the Rosney area and the 
granite of the Columbia area. It is not improbable, however, that the two 
areas are connected beneath the sediments of the Farmville Triassic area, 
which lies a short distance to the southeast. 

The granite is fine-grained, very schistose, and varies in color from 
light to dark gray. A specimen (383) from an outcrop in the road about 
three-quarters of a mile northwest of Rosney, contains both biotite and 
hornblende, the two minerals being distinguishable from each other with 
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difficulty in the hand specimen. In a thin section, which was examined 
under the microscope, the feldspar was all plagioclase (oligoclase), and 
no potash feldspar could be identified. Twinning after the albite law is 
abundant and occasionally a little twinning after the pericline law may 
be seen. The hornblende is dark green in color and frequently shows 
idiomorphic boundaries; the biotite varies from brown to green and is 
strongly pleochroic. Both minerals show alteration to epidote, but no 
chlorite was identified. Many of the quartz and feldspar individuals are 
fractured and show optical distortion. Ilmenite, largelv altered to leu- 
coxene and limonite, and idiomorphic crystals of zircon make up the minor 
accessories. 

Between the rock just described and the contact, about half a mile 
northwest, there are no outcrops, but the residual decay indicates the 
presence of several bands of hornblende schist. In the road half a mile 
southwest of Rosney a fine-grained hornblende schist is exposed. It is a 
dark gray, even-granular rock composed for the most part of feldspar, 
hornblende, quartz, and a little biotite, with occasional small pink garnets. 

On the north side of Whispering Creek, 2 miles south of Rosney, several 
pieces of porphyry were found, which probably belong to a dike, as the 
country rock in this vicinity is chiefly quartz-sericite schist. The rock is 
only slightly schistose and is therefore probably of later origin than the 
granite near Rosney, but it is not improbable that there is some genetic 
relation between the two occurrences. 

The rock (Spec. 388) contains numerous light gray, rounded pheno- 
erysts of feldspar, 5 to 6 mm. in diameter, which are surrounded by a 
ground-mass of fine-grained hornblende, feldspar, and quartz. Multiple 
twinning can be distinguished in places with a pocket lens, but most of 
the feldspars have a rough fracture because of the presence of microscopic 
inclusions. On weathering the rock gives a deeply pitted surface due to 
the early decomposition and removal of the feldspar phenocrysts. 


Under the microscope the large feldspars are seen to be micropoikilitic 
in texture, being full of inclusions of quartz and hornblende that range in 
size up to 0.2 mm. in diameter; they have indefinite boundaries that grade 
into the surrounding ground-mass; and the extinction angles and index 
of refraction indicate a composition near labradorite. The hornblende is 
light green to nearly colorless and contains occasional inclusions of quartz. 
The quartz grains contain numerous fluid inclusions, and irregular 
rounded grains of titanite are plentiful, some of them containing nucleal 
fragments of light yellowish rutile. 
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About a mile west of Rosney and not far from the contact, there is a 
large amount of tourmaline present on the surface. Most of it occurs in 
long black prisms imbedded in vein quartz, but large masses were seen 
that consisted almost exclusively of small interlaced needles of tourmaline. 


Granite at Greeley Mine. 


Granite occurs in one of the openings of the Greeley mine, but there 
are no surface exposures and the occurrence is probably limited in its 
areal extent. The rock is described in detail on pages 206-207. The appear- 
ance of the rock, and the presence of much calcite and coarsely crystalline 
muscovite, suggests that extensively pneumatolitic action accompanied or 
followed the intrusion of the granite. 


Porphyries. 
DISTRIBUTION AND GENERAL DESCRIPTION. 


In the district lying between the Gold Hill granite area and the Wilm- 
ington embayment of the Columbia area, there are a number of outcrops 
of feldspar porphyry. Lack of sufficient exposures makes it impossible to 
determine the size and character of these bodies, but most of them are 
limited in extent and should probably be classified as dikes. The other 
rocks occurring in this district are chiefly chlorite schists, hornblende 
schists, quartz-sericite schists, and quartzites, all of which are intensely 
metamorphosed. 

The porphyries contain phenocrysts of feldspar ranging up to 2 mm. in 
length, and occasionally small eyes of quartz embedded in a fine-grained 
ground-mass composed essentially of feldspar, quartz, and usually a little 
hornblende, which may be more or less altered to chlorite and epidote. 
They vary considerably in composition, particularly in the amount of 
ferromagnesian mineral present. The phenocrysts are frequently fractured 
and the fragments separated, indicating that important differential move- 
ments took place during the crystallization of the rock. 


The composition of the porphyries, their texture, and their distribution 
relative to the larger granite areas, are all indicative of their close genetic 
relationship to the granite and point toward an approximate contempora- 
neity of origin. Some of them are closely similar to the granite in the 
Gold Hill area. 

DETAILS OF OCCURRENCES. 


In the road 144 miles northeast of Wilmington there is an outcrop of 
porphyry. It is a light greenish-gray rock (Spec. 63), fine-grained, and 
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slightly schistose. A few phenocrysts of feldspar, 1 mm. in length, and 
small flakes of light green chlorite are the only minerals distinguishable 
megascopically. 

Under the microscope the phenocrysts are seen to be well-formed 
crystals of acid plagioclase, nearly 1 mm. in length, which show twinning 
after the Carlsbad and albite laws. They are occasionally broken and the 
fragments separated by minerals of later crystallization. The ground- 
mass is fine-grained, even-granular, and consists of feldspar, quartz, 
chlorite, small needles of hornblende, a few flakes of biotite, calcite, 
epidote, and small inclusions of zircon, titanite, apatite, and rutile. 


Another outcrop occurs half a mile farther east where the rock (Spec. 
66) is essentially the same. The phenocrysts are slightly larger, ranging 
up to 1.5 mm. in length, there is a small amount of magnetite present, 
and alteration has been carried a little farther, so that epidote is more 
plentiful, occurring in granular aggregates with quartz and a little chlorite. 


On the southwest side of Big Byrd Creek, 2144 miles southeast of 
Wilmington, there is an outcrop of schistose porphyry. The rock (Spec. 
68) is light gray with dark blotches due to areas of fine-grained biotite, 
and contains lenticular eyes of quartz, 4 mm. in length. A few feldspars, 
crystals of pyrite, red garnets, and a little fine-grained magnetite may 
also be distinguished in the hand specimen. 

Under the microscope phenocrysts of acid plagioclase, over 2 mm. in 
length, can be identified; and many of them are broken and split apart 
along cleavage planes, the fractures being filled with the minerals of the 
ground-mass. The lenticular eyes of clear, granular quartz contain fluid- 
filled cavities and numerous inclusions of idiomorphic zircon and rutile 
needles. ‘he ground-mass is fine-grained and consists of feldspar, quartz, 
flakes of brown biotite partly altered to chlorite, and a little pyrite, 
magnetite, titanite, and zircon. 

In a branch on Mr. Williams’ farm, 114 miles northeast of Rivanna 
Mills, a rock (Spec. 54) is exposed which is light gray, fine-grained and 
only slightly schistose. Small pink garnets, pyrite, flakes of light green 
chlorite, and a little fine magnetite may be recognized with the naked 
eye. Examined microscopically the feldspar phenocrysts are seen to be 
smaller than in the rocks previously described, and they are much corroded ; 
the ground-mass is coarser grained, but otherwise the same. The surround- 
ing rock is probably granite, but there are no exposures in the immediate 
vicinity. 

At the road corner, 214 miles south of Kent’s Store, there is an out- 
crop of fine-grained, bluish-gray rock (Spec. 128) containing small eyes 
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of quartz 0.5 to 2 mm. in diameter. Under the microscope no feldspar 
phenocrysts could be identified; the quartz eyes contain rutile needles 
and well-formed zircons; and the ground-mass is composed essentially 
of feldspar, quartz, much hornblende in slender green prisms, and a large 
amount of fine-grained magnetite. A little zircon, titanite, and apatite 
are present as minor accessories. A similar rock found 50 yards east con- 
tains no eyes of quartz. 

A rock (Spec. 62), having a ground-mass similar to the one just 
described, was obtained from a well near the road 3 miles northeast of 
Stage Junction. Instead of having eyes of quartz there are a few imperfect 
phenocrysts of feldspar less than 0.5 mm. in length. 

A quartz porphyry, differing in texture and mineral composition from 
the rocks described above, occurs at the Morton mine, half a mile west of 
Johnson, Buckingham County. A microscopic description is given on 
pages 197-198. 

CAMBRIAN OR POST-CAMBRIAN. 


Diorite Dikes. 
DISTRIBUTION AND GENERAL CHARACTER. 


Dikes of altered diorite occur at several places in the area mapped, but 
there are a few good exposures, and the rock is of little importance as an 
areal formation. All occurrences that were observed are practically 
identical in appearance and mineral composition. ‘The rocks were origi- 
nally composed essentially of hornblende and plagioclase feldspar, but the 
latter mineral is now almost completely altered to a fine-grained aggre- 
gate of zoisite, epidote, and other secondary products. 


AGE. 


Since these rocks show little or no evidence of dynamic metamorphism, 
they must be younger than the pre-Cambrian rocks into which they have 
been intruded; and the fact that some of them are very slightly schistose 
indicates that they solidified before the close of the crustal movements 
which deformed the Ordovician rocks. For these reasons the diorite dikes 
are believed to be Cambrian or possibly Ordovician in age, but they may 
be younger. , 

DETAILS OF OCCURRENCES. 


Palmyra.—A dike of partly decomposed diorite outcrops in the road 
near the northwest corner of the Courthouse yard at Palmyra, but the 
size of the dike could not be determined. The rock is composed essentially 
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of partly altered feldspar and dark green hornblende, and shows marked 
schistosity in the hand specimen. Under the microscope the feldspars are 
seen to be almost entirely altered to saussuritic aggregates of epidote, 
zoisite, and other secondary minerals, but in places a few residual frag- 
ments of basic plagioclase can be identified. The hornblendes are ragged 
in outline and show partial alteration to chlorite. 

Long Island Creek.—The county road from Palmyra to Wilmington 
crosses a dike of weathered diorite about 100 yards east of Long Island 
Creek. ‘The dike appears to be 100 yards or more in width, but could not 
be traced for any distance because of the lack of exposures. The strike is 
probably northeast and southwest. The rock is similar in appearance and 
composition to that described above, excepting that the percentage of 
hornblende present is shghtly greater and the schistosity is scarcely 
noticeable. 

Benton mine.—Pieces of weathered diorite were found on a rock pile 
in the vicinity of the shaft at the Benton mine. The rock (Spec. 221) is 
massive, even-granular, and shows no evidence of schistosity. It consists 
of green hornblende in crystals 1 to 2 mm. in diameter, which are uni- 
formly distributed through a fine-grained, white ground-mass resulting 
from the alteration of feldspar. Under the microscope the feldspars are 
seen to be almost completely altered to secondary minerals, chiefly zoisite 
and epidote. The hornblende shows partial alteration to chlorite, and a 
little quartz, probably secondary, may also be distinguished. 

Bowles mine.—On the Bowles tract, about 114 miles west of Tabscott, 
pieces of diorite float were found on the surface, but no outcrops could be 
discovered in place. The rock is similar in every way to that which occurs 


at the Benton mine. 
TRIASSIC. 


Diabase Dikes. 
DISTRIBUTION AND GENERAL CHARACTER. 


Diabase dikes, or trap rock as they are commonly called, are of occa- 
sional occurrence in all portions of the area mapped. They are in no wise 
different from the other dikes belonging to the same great series, which 
are found intersecting the older rocks all along the Atlantic slope from 
Nova Scotia to Alabama. These dikes are especially abundant in some 
of the Triassic areas, and cut all formations excepting the Cretaceous and 
later sediments of the Coastal Plain. 

In the area covered by the present report the diabase dikes vary in width 
from a few inches to 200 or 300 feet, and at least one of them can be traced 
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for a distance of over a mile, its course being marked by occasional out- 
crops, and the black weather-beaten bowlders, which are locally called 
“nigger-heads.” The dikes are usually approximately parallel to the 
strike of the enclosing rocks, and are nearly vertical. 

The diabases are dark brown to black in color, and vary from medium 
fine-grained to aphanitic in texture. They are composed essentially of 
lime-soda feldspar, augite, and magnetite, while olivine is present in some 
and absent in others. These rocks are exceedingly hard and tough, and 
on account of this fact together with their good cementing qualities, they 
make excellent material for macadamizing roads. 


DETAILS OF OCCURRENCES. 


Columbia.—One of the largest and most persistent dikes in the district 
is exposed in the county road, a mile northeast of Columbia, where it is 
possibly 100 yards wide. It has a strike of approximately N. 15° E., and 
can be traced in a southwest direction as far as the river. The large out- 
crop of diabase half a mile east of Stage Junction lies in the same line 
of strike and may be a continuation of this dike, but lack of exposures 
makes it impossible to trace it on the surface. 

The rock (Spec. 46) is dark brown, and rather coarse-grained, showing 
a marked ophitic texture even in the hand specimen. ‘The feldspars 
range up to 8 mm. in length, and show polysynthetic twinning to the 
naked eye. Hxamined under the microscope the rock is seen to be com- 
posed of plagioclase, augite, magnetite, pyrite, and occasional flakes of 
biotite. The augite is mostly colorless in thin sections, but in places is 
finely twinned with a light green variety. Magnetite and pyrite are both 
plentiful in small irregular grains The biotite is dark brown, strongly 
pleochroic, and shows partial alteration to chlorite. No olivine was 
identified. 

Grannison mine.—A dike of olivine diabase outcrops near the old mill 
at the Grannison mine, three-quarters of a mile south-southwest of Pryors 
Crossroads. It has a strike of approximately N. 25° W., but the width 
and length could not be determined. The rock is coarse-grained and the 
ophitic texture easily distinguishable to the naked eye. Examined under 
the microscope (Spec. 97) it is seen to consist of lime-soda feldspars, 
augite, much olivine, a few grains of magnetite, less pyrite, and a little 
carbonate (probably calcite). The feldspars occasionally show pericline 
as well as albite twinning, and zonal extinction is common. The carbonate 
is probably derived from the alteration of feldspars. 
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Pemberton.—A mile west of Pemberton, a diabase dike is exposed on 
either side of the narrow neck of land formed by the sharp bend in the 
river. Where well exposed the dike is only 5 or 6 feet wide, and while 
approximately vertical is very irregular in its dip. The strike is nearly 
north and south. The rock (Spec. 24) is medium-grained, even-granular, 
and dark gray in color. Under the microscope it shows the typical ophitic 
texture, and is composed of plagioclase, augite, and small idiomorphic 
grains of magnetite partly altered to limonite. The rock cut by the dike 
is a fine-grained, light gray granite-gneiss. 

Dillwyn.—A dike of olivine diabase outcrops in the town of Dillwyn 
(see map, p. 185), and a similar dike, which is described on page 187, 1s 
found near the London and Virginia mine, three-quarters of a mile north 
of Dillwyn. The rock is dark brown in color, medium coarse-grained, and 
is composed of plagioclase, augite, olivine, and magnetite. The olivine 
shows extensive alteration to sepentine. 

Other localittes——Several dikes of weathered diabase are exposed in 
the bluffs on the south side of James River near New Canton, and similar 
dikes were observed cutting the Ordovician slates. Diabase dikes at the 
Bondurant and McKenna mines are described on pages 195 and 254, re- 
spectively. Other occurrences are too numerous to mention in detail, and. 
none of them differs in any material way from those already described. 


CHAP TERI, 
PHYSIOGRAPHY. 


INTRODUCTION. 


Virginia is naturally divided into three major provinces: (1) the flat- 
lying Coastal Plain which extends from the continental shelf, now 30 to 
50 miles east of the present shore-line, to the fall-line at the head of 
tidewater; (2) the Piedmont Plateau extending from the Coastal Plain 
on the east to the foot of the Blue Ridge; and (3) the Appalachian 
Mountains province which embraces the western or mountain portions 
of the State. (See fig. 1.) 

The Piedmont Plateau lying between the Coastal Plain and the Appa- 
Jachian Mountains has a width of about 40 miles in the northern portion 
along Potomac River, but going south it widens until at the Virginia- 
Carolina state-line it extends for nearly 175 miles. The district under 
consideration is located in the center of the Piedmont Plateau province 
where the width is about 75 miles. The district presents the general 
surface features characteristic of the Piedmont Plateau throughout Vir- 
ginia; low relief, a network of streams which afford perfect drainage to 
the region but which are heavily loaded with sediment, and a deep mantle 
of residual decay which covers most of the country except where the larger 
streams have cut down their valleys into the underlying rock. 


RELIEF. 


The elevations indicated on the map of the area (see Pl. I, in pocket 
at back of book), by means of contour lines, are approximately correct, 
and serve to portray the principal physiographic features. The topography, 
as shown on this map, is adopted from the topographic sheets of the United 
States Geological Survey, with corrections by the writer. 

The most characteristic feature of the relief is the absence, over the 
entire area, of any notable elevations, with the single exception of Willis 
Mountain. This fact is forcibly impressed on the observer by the bird’s-eye 
view of the country obtained from the top of Willis Mountain. Looking 
from this elevation, the country appears as a broad, flat plain, stretching 
from the foot of the mountain toward the north, east, and south as far as 
the eye can reach, while toward the west it is limited only by the foothills 
of the Blue Ridge. 
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In traveling any great distance across country, one soon finds that the 
surface instead of being perfectly level, is gently rolling, and consists, for 
the most part, of broad, flat-topped ridges and comparatively narrow 
valleys. If, however, one follows one of the main ridge roads, which have 
from the earliest days been the chief transportation routes of the country, 
the illusion of a vast level plain is maintained, for many of the ridges 
extend along distances with little variation in altitude. Thus, in travel- 
ing over the roads that lead from Cartersville to Cumberland, New Canton 
to Dillwyn and Buckingham, or from Stage Junction north by way of 
Wilmington, one may go for distances of 15 or 20 miles over an apparently 
level country. 

Glancing at the map, it is seen that neighboring ridges have approxi- 
mately the same elevations, but that in passing across the area from east 
to west the height of the elevations gradually increases; along the eastern 
border of the area the ridges are about 450 feet above sea level, while in 
the western portion they average from 550 to 600 feet in elevation. If it 
were possible to fill in all of the valleys level with the tops of the ridges, 
we would have a broad, flat plain sloping gently toward the ocean, and it 
is believed that this was the condition of the land surface at a former 
period, before the streams had cut their channels down to their present 
levels. 7 

The rivers and larger creeks have cut their valleys deepest, about 250 
feet below the present surface of the old peneplain, the smaller creeks 
somewhat less deeply, and their tributary branches only from 50 to 150 
feet. All of the larger streams flow through narrow trench-like valleys 
with very limited bottom lands. In places where the rocks are especially 
resistant, as is the case with the quartzite beds at Bremo Bluff, the river 
lowlands are practically absent and the stream is bordered by almost 
vertical cliffs. (See Pl. III, and fig. 2.) 

Willis Mountain, in the southwestern corner of the area, projects abruptly 
from the average level of the Piedmont Plateau and rises to a height of 1,159 
feet above sea level. It is a prominent feature of the landscape for miles 
around, and is the most noticeable elevation found in the State, east of 
the outlying ranges of the Blue Ridge. (See figs. 4 and 5.) ‘Topo- 
graphically, it is a narrow ridge extending about two miles in a north 
and south direction, and the crest of the ridge is formed by a narrow 
wall of rocks, perhaps 100 feet high, which is so nearly vertical that it 
can be scaled only in places and with difficulty. (See Pl. IV, fig. 1, and 
Pl. VI, fig. 2.) The dip of the strata is slightly toward the west, and the 
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large fragments which have fallen along the eastern base have rendered 
this the easiest direction of ascent. From the foot of this wall-lke 
precipice the mountain slopes steeply down to its base. The rocky ridge 
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Fig. 4.—North end of Willis Mountain from the west. 
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Fig. 5.—South end of Willis Mountain from the west. 


forming the crest of the mountain is notched in several places, so that a 
number of distinct summits occur. The deepest of these notches is near 
the south end of the mountain, and the southern knob which it separates 
from the main ridge is locally known as Round Mountain. — Willis 
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Mountain owes its origin to the resistant nature of the cyanite schist which 
outcrops along its crest, and which has offered greater resistance to erosion 
than any other rock in the region. 


DRAINAGE. 


The great master-stream of the area, James River, flows in a general 
southeasterly direction and cuts directly across the strike of the upturned 
edges of the rock strata, maintaining its course without reference to varia- 
tions in their hardness. With its headwaters rising among the ridges of 
the Alleghany Mountains, James River flows eastward, cutting its way 
through the Blue Ridge as well as all minor barriers that rise athwart its 
course, and finally empties into the Atlantic Ocean. This independence 
of the chief structural features of the country, together with its intrenched 
meandering curves, proves that the river developed its course on a broad, 
level plain, before the present ridges were formed. Such a river is called 
an antecedent stream. 

The principal streams draining the area and entering James River 
from the north are Rivanna River and Byrd Creek (see map, Pl. I). Both 
of these flow southeasterly across the strike of the upturned rock strata 
and show deeply trenched winding valleys, indicating that they are also 
antecedent streams. 

Slate and Willis rivers are the largest streams that cross the area and 
enter the James from the south. It should be noticed that both rivers, 
after flowing in a general northeasterly direction throughout most of their 
length, suddenly change their courses as they approach the James, and 
enter it from an easterly or even a northeasterly direction; and, moreover, 
their lower courses are extremely crooked, while their upper valleys are 
fairly straight. These two rivers were doubtless at one time superimposed 
streams similar to those on the other side of James River, but as their 
direction of flow was nearly parallel to the strike of the rock strata, their 
courses were more easily modified and adjusted to the rock structure. 
This possibly explains the peculiarities in the courses of these streams 
and also the fact that their valleys are slightly broader and less steep than 
those of the corresponding streams on the opposite side of James River. 
Slate and Willis rivers may be considered as antecedent streams that have 
subsequently undergone modification and are now in partial adjustment 
to the structure. 

Appomattox River, which crosses the southeast corner of the area, is 
clearly another antecedent stream similar to James River into which it 
flows some distance beyond the borders of the map. 
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It is thus seen that all the larger streams of the area are either 
antecedent streams or streams that are only in partial adjustment to the 
structure, and that they all show a strong tendency to flow in a south- 
easterly or easterly direction. 

Most of the creeks and many of their branches are streams that owe 
their location to the underlying rock formations. These streams flow 
northeasterly or southwesterly parallel to the structure of the country, 
their direction of flow being controlled by their proximity to some larger 
antecedent stream. Hunt Creek, Phelps Creek, and Little Byrd Creek 
may be mentioned as good examples of structural control of drainage. 

Hunt Creek has eroded its valley in the long, narrow area formed by 
the Arvonia slate belt, while the ridges on either side are composed of 
more resistant rocks—schistose quartzites and conglomerates. 


Phelps Creek runs in a northeasterly direction through an area of 
highly metamorphosed schists and enters James River just east of New 
Canton. The ridge on the west side of the valley is composed of quartzite, 
while on the east stretches the granite area. A complementary creek flows 
southwest and enters James River directly opposite. 

Little Byrd Creek flows southwest within the area of pegmatite, which 
is less resistant than the granite and hornblende schists on either side. 

The hundreds of small tributary branches that drain into the larger 
streams flow in every conceivable direction, their courses being controlled 
partly by the geological structure, but chiefly by their proximity to one 
of the larger streams. 

Most of the streams draining this area are rather swift and flow over 
occasional rapids, due to outcropping ledges of harder rock; their waters 
are usually muddy because of the large amount of fine material carried 
in suspension which has been derived from the residual soils that almost 
everywhere cover the underlying rocks. 

It is interesting to note that in the case of some of the larger streams 
that are in structural adjustment, such as Little Byrd Creek on the north 
side of James River and Muddy Creek on the south, the principal tributary 
branches all enter from the west. This phenomenon is due to the eastern 
slope of the peneplain in which the streams have eroded their valleys. 

The movement resulting in the tilting of this plain did not take place 
all at once, but undoubtedly extended over a long period of time, and was 
probably interrupted by periods of quiescence. Every increase in the 
eastern tilt of the land surface resulted in an increased velocity of the 
streams flowing in an easterly direction with a corresponding increase in 
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their powers of erosion. Streams flowing westward had their velocities 
diminished and if the amount of movement was sufficient the direction of 
flow may even have been reversed in some cases. The net result of this 
tilting was to cause the streams flowing in an easterly course to cut back- 
ward and lengthen their valleys faster than the streams flowing in the 
opposite direction. This process may have been accompanied by an 
easterly migration of the parent stream since the tilting would tend to 
induce greater erosion along the eastern bank. The bluffs appear to be 
somewhat more prominent on the east sides of these streams than on the 
west, but the difference is certainly not great. The chief result of any 
easterly displacement of the parent stream would be to lengthen the courses 
of its tributaries from the west and shorten those from the east, but it is 
not believed that this was an important factor in producing the unsym- 
metrical streams described above. 

The rapid headward erosion of easterly flowing streams, caused by the 
tilting of the peneplain would bring about a condition favorable to stream 
capture; that is to say, the stream with greater velocity might cut its way 
back to some neighboring stream and divert the upper portion of its drain- 
age. A close study of the region lying west of Little Byrd Creek indicates 
that this may have taken place, and that the headwaters of some of the 
branches north of Lantana, which now flow east into Little Byrd Creek, 
at one time drained southward into the large branch which enters Little 
Byrd Creek a mile above its mouth. 

The principal facts in favor of this theory are as follows: 

(1) The large branch which heads just east of Lantana and flows 
south into Little Byrd Creek has a valley that is almost as broad as that of 
Little Byrd Creek itself. 

(2) The divide near the headwaters of this branch is low and in 
places swampy. 

(3) Several of the tributary branches draining the area northeast 
of Lantana have a sharp bend in their courses which is approximately in 
alignment with the prolongation of the valley running south from Lantana. 

(4) On some of the low ridges northeast of Lantana residual patches 
of placer gravel were formerly worked for gold. The position of this gravel 
is high above any of the neighboring streams, and these remnants are all 
that is left to indicate the location of an old stream bed which has long 
since been almost entirely removed by erosion. 


PHYSIOGRAPHIC HISTORY. 


It is known that this region passed through a long and varied history 
before the present physiographic features began to take form; it underwent 
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many changes in elevation, and for long periods of time it was depressed 
below sea level while the great series of sedimentary beds was being 
deposited. Later these beds were consolidated into hard rock and subjected 
to compressive forces which produced the complicated system of folding 
and faulting that is so noticeable wherever the rocks are well exposed. 
This process was accompanied and followed by intrusions of igneous rocks, 
and the area was elevated high above sea level. 

As soon as the land appeared above water, the agents of the atmosphere 
began their work of decomposition and disintegration, and the newly 
formed streams began to wear away the land surface and transport the 
products of weathering to the ocean, where the material was redeposited 
to form new beds of sediments. Denudation was continued until the region 
was beveled across hard and soft formations alike, and the country reduced 
to a condition bordering on base-level. Such a surface is known as a pene- 
plain. 

The area has undoubtedly experienced several periods of peneplaination 
followed by renewed elevation of the land surface, but it is unlikely that 
the Piedmont section as a whole has been depressed beiow sea level since 
Ordovician time. 

Following a period of base-leveling, the surface was warped enough 
to allow the Newark beds to be laid down in long, narrow trough-like 
basins, but, since that time, degradation has continued without inter- 
ruption. ‘The earliest great peneplain of which evidence remains extended 
far beyond the limits of this small area, and has been called the Kittatinny 
peneplain.* It probably dates from the Cretaceous period. 

In many places in the Appalachian States peneplains of later date 
than the Kittatinny plain have been noted, and while it is possible that 
periods of subsequent base-leveling may have occurred in this section, they 
have not been identified, and it is improbable that more than one plain 
can be distinguished within the limits of this area. 

It is impossible to accurately determine the thickness of the material 
removed during the ages in which this degradation of the land surface 
was going on, but certainly it is to be measured in thousands of feet. All 
of the changes outlined above took place gradually and covered a long 
period of time. While we can not even approximately estimate the length 
of this time as measured in years, it ‘must have been very great even in 
comparison with the time which has since elapsed. 


aWillis, Bailey, The Northern Appalachians, Physiography of the United 
States, p. 189. 
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During the latter stages of peneplaination decomposition proceeded 
much faster than degradation; the products of rock decay accumulated 
more rapidly than they could be removed by the slow-moving streams, 
which had almost attained base-level, and a deep mantle of residual soil 
was gradually formed that completely covered the hard rocks below. 


The appearance of the surface at that time was probably not very 
different from that of the lower Mississippi valley to-day. The land was 
flat and featureless and elevated but little above sea level. Willis 
Mountain was probably the only elevation within the limits of this area 
that stood above the monotonous level of the plain. The stubborn resist- 
ance to weathering offered by the rocks forming this mountain served to 
protect it from the complete reduction that had befallen the surrounding 
area, and left it standing as a solitary monadnock. The rivers meandered 
sluggishly over the land in wide curves, and there were no marked divides. 
The course of these streams is not known, but many conditions indicate 
that they possibly drained toward the west. 

In this condition a very slight tilting of the land surface was sufficient 
to change the courses of the streams, or even cause them to flow in the 
opposite direction, and it was upon this surface that the new system of 
drainage represented by the present antecedent streams was inaugurated. 


The new streams, assuming their positions while the rocks of varying 
hardness were still covered by a deep blanket of residual decay and 
alluvium, were not influenced by the structure of the underlying forma- 
tions, and therefore ran slowly in winding curves closely coincident with 
those that they now possess. The establishment of the new drainage, 
however, was shortly followed by a progressive elevation of the land which 
quickened the streams, and they began the work of deepening their 
channels. | 

After cutting through the soft overlying material and exposing the 
fresh rock below, the larger streams continued the work of corrading their 
channels in the more resistant formations. As fast as renewed elevation 
of the land surface raised the hard beds athwart their course, the streams, 
confined to their channels and restrained from altering their courses by 
the deep valleys which they had excavated in the softer material, were 
forced to cut through hard and soft strata alike. It was in this way that 
the larger streams were superimposed upon the structure of the undecom- 
posed underlying rocks. 

The fact that the rivers have not been able to cut their channels in 
hard rocks as rapidly as in the softer formations, accounts for the rapids 
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that frequently occur. The rapids in James River at Bremo Bluff furnish 
a good example. Here the river flows across beds of hard quartzite 
which, dipping vertically, are interbedded with softer mica-garnet schists. 
Because of the greater resistance of the quartzite to erosive action, the 
river has not been able to cut its bed downward or to widen its channel 
in it as rapidly as in the softer rocks, and therefore the quartzite beds 
stand out as ledges from the bottom of the river and project from the 
sides of the valley in bold cliffs. (See fig. 2, and Pl. III.) At the bridge 
the valley is only 500 yards wide from bluff to bluff and there are practi- 
cally no bottom lands, but at a distance of only one mile up or down the 
river, the valley is a mile or more in width, the river being bordered by 
broad, alluvial flats which at times of very high water may be completely 
flooded. 

While the larger streams were able to deepen their valieys, even in the 
hardest rock, and continued to flow across the strike of the strata, the 
secondary streams were not strong enough to maintain their courses in 
opposition to the forces tending to divert them into conformity with the 
structure. As a result, these streams were gradually diverted to the areas 
of softer rock, and this adjustment was more readily brought about as the 
original direction of flow was more nearly parallel to the rock structure. 

It was through this struggle between the eroding power of the streams 
and the slowly rising land surface that the existing surface configuration 
was developed. 

At present the larger rivers of this area are, in some places, cutting 
their channels deeper, while at others, as evidenced by the large islands 
and wide areas of bottom lands, they have begun to deposit part of their 
burden. The valleys are slowly being widened, chiefly through the de- 
composition and disintegration of the rocks under atmospheric agencies. 

The smaller streams have not yet cut down through the decomposed 
material to fresh rock, but the rate at which they are now cutting is 
probably in most cases greater than that of decomposition. 

Evidence of the former position of the rivers is furnished by deposits 
of water-worn gravel, representing the remains of old river terraces, that 
are found at various places high above the present level of the river. One 
of these old river terraces, some 200 feet above the present river bed, is 
located near Stearnes on the north side of James River, where it can be 
traced up stream for a distance of about a mile. 

A profile of James River shows a rather sharp change in the grade, 
where the river crosses from the sedimentary rocks to the granite, just 
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below Bremo Bluff.¢ From Lynchburg to this point, a distance of 80 
miles, the river falls an average of 3.71 feet per mile, while flowing 
over the granite from this point to Lorraine, 12 miles above Richmond, 
which is a distance of 91 miles, the river falls only .606 feet per mile. In 
both cases the grade is fairly uniform. ‘The change is too sharp to be 
accounted for by the natural increase in the grade of the stream with its 
distance from the mouth, and is probably due to the difference in the 
character of the formations. Another possible explanation is that the tilt- 
ing of the peneplain has not been uniform, but this would hardly account 
for the localization of the change in grade at this particular point. There 
is no evidence of faulting, and the rock exposures along the bluffs are 
particularly good in this vicinity, so that it would probably show if present. 


aSee Plate VI, opposite p. 94, Hydrography of Virginia, Bull. No. III, Geol. 
Survey of Virginia, 1906. 


CHAPTER IV. 
STRUCTURE AND METAMORPHISM. 


INTRODUCTION. 


Previous descriptions have brought out the fact that the dominant 
rock formations occur in zones or belts extending in a northeast and 
southwest direction, and dipping at high angles, usually toward the east. 
Sedimentary rocks, from the manner of their formation, are necessarily 
laid down in nearly horizontal beds; but, in the region under considera- 
tion, the older rocks have been subjected to severe compressive stresses 
which have crumpled and squeezed the beds into close folds, mashing even 
the hardest rocks into schists and gneisses. The rocks have also been 
profoundly altered by the intrusion of large igneous masses. Subsequently 
erosion has gradually removed the overlying material, beveled off the edges 
of the upturned beds, and in places exposed the underlying igneous 
intrusives. 

The lack of accurate knowledge concerning the structural relations 
of the rocks in the surrounding territory, and the scarcity of exposures, 
due to the great depth of residual rock decay, make it impossible to work 
out many of the details of structure in the limited area considered in this 
report, but some of the more important features will be discussed below. 


STRUCTURAL FEATURES. 
Folding. 


There are three well-defined belts of pre-Cambrian metamorphic rocks 
of sedimentary origin, which consist essentially of knotted schists and 
interbedded quartzites. 'The most easterly of these belts extends southwest 
from Shannon Hill to Stage Junction; the middle belt is exposed in the 
river bluffs near New Canton and extends in a northeast and southwest 
direction approximately parallel to the first; the third belt is located 
along the northwestern margin of the map (Pl. I) between Palmyra and 
Strathmore. This areal distribution of the rocks is strongly suggestive 
of folding, and there are a number of facts which indicate that there is 
an anticlinal fold between the eastern and middle belts, and a synclinal 
fold between the middle and western belts. 

In the eastern belt the rocks dip southeast at an average angle of 45°, 
in the central belt they stand nearly vertical, and in the western belt they 
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dip at an angle of 75° to 80° southeast. The central and western belts are 
separated by the long narrow area of Ordovician sediments, which were 
deposited unconformably upon the eroded surface of the older pre- 
Cambrian rocks; the eastern belt is almost entirely cut off from the other 
rocks by the large areas of intrusive granite (see p. 102). 

The crustal movements continued with less intensity after the depo- 
sition of the Ordovician sediments, and these beds were compressed into 
the synclinal fold to which they owe their preservation. The Ordovician 
slates are extensively faulted and crumpled into innumerable minor folds, 
but the synclinal nature of the belt is shown by the presence of a basal 
conglomerate along the contact with the older rocks on both sides. The 
close folding and faulting shown in the section along the south side of 
James River (see Pl. VII) indicates that the beds were probably of no 
great thickness, and that they could not have been folded under conditions 
of very deep burial. The lack of a well-developed slaty cleavage in slate 
from the bottom of the synclinal trough has been commented on in a 
previous chapter (see pp. 45-46). 

In the time that has elapsed since their deposition and subsequent 
folding, erosion has removed all of the Ordovician sediments except the 
long narrow belt of rocks, preserved in the bottom of the synclinal trough. 
Rivanna River has cut completely through this narrow remnant and ex- 
posed the underlying granite, thus proving the shallow character of the 
formation. In the railroad cut, half a mile south of Carysbrook, the Ordo- 
vician sediments are exposed resting on the eroded surface of granite (see 
Pl. VI, fig. 1), and as the river is approached the beds gradually thin out 
until they completely disappear. The slates are again exposed along the 
upper portion of Long Island Creek between Palmyra and Wilmington; 
and the creek, which in both its upper and lower portions is in direct 
alignment with the strike of the rocks in the two areas, probably owes its 
position to the slate belt, now partly removed by erosion. 


The small detached slate area, paralleling the main belt a short distance 
north of Fork Union station, probably represents a minor fold which has 
been separated from the main belt by erosion; and minor folding offers 
the most plausible explanation for the widening of the slate belt in the 
section along the south side of James River. 


It is not unlikely that there are numerous subordinate folds superim- 
posed on the major folds of the pre-Cambrian rocks, but the nearly iso- 
clinal dip, together with the lack of exposures, makes it impossible to work 
out minor details of this character. The presence of these minor folds is 
occasionally indicated by discordance between the bedding and schistosity 
—shown in Spec. 342 from the Buckingham mine. 
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Faulting. 


Small faults, usually of the thrust type, are plentiful in the Ordovician 
slates and may be seen at many points in the bluffs along James River; 
they have also been detected in the pre-Cambrian rocks, and it is probable 
that many are concealed by the steep monoclinal dip of the bedding and 
schistosity. All the faults observed are approximately parallel to the 
strike of the rocks and it is unhkely that many of them cut across the 
structure. No large faults were definitely located along the boundaries 
between different formations although it is not improbable that such faults 
exist in a few places. 

Some faulting has taken place in this region as recently as ‘Triassic 
times, for a number of faults have been discovered in the Farmville area 
(see p. 47), as well as in the other Triassic areas of Virginia. The dis- 
placement along these recent faults, however, is comparatively small and 
they do not seem to have affected the structure of the country in any 
important way. ‘The occurrence, during the past few years, of several 
feeble earthquake shocks in the vicinity of Arvonia is possibly due to 
adjustments that are taking place along some of these fractures. 

The determination of faults in the granites and related igneous rocks 
is a more difficult problem, but the presence of cemented breccia on the 
Hughes farm, 244 miles west of Tabscott, and on the Dickey farm, 2 
miles southeast of Cremona, indicates that fracturing with more or less 
faulting has taken place at these points. 


Jointing. 


Joints are very plentiful in all portions of the area mapped, and, while 
they run in every conceivable direction, they show a decided preference 
for certain quarters of the compass. Joints having a general northeast- 
southwest strike, approximately parallel to the schistosity, are most common 
and those with a northwest-southeast trend are second in importance. 
North-south and east-west strikes are comparatively rare. 

As a general rule joints are more closely spaced in the rocks of sedi- 
mentary origin than in the more nearly massive and compact rocks of 
igneous origin. For example, in the railroad cut half a mile south of 
Carysbrook, where Ordovician sedimentaries are exposed resting on the 
eroded surface of the older granite, the principal directions of jointing are 
N. 25° E., N. 60° W., and parallel to the contact which dips southeast at 
an angle of less than 30°. In the granite the joints are spaced 2 to 4 
feet, while in the slate they are only 2 to 8 inches apart. 
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Schistosity. 


Schistosity is that property of rocks which causes them to break most 
readily along certain parallel planes, and is due to mashing accompanied 
by more or less recrystallization of the mineral constituents. It is usually 
induced by the same compressive forces which result in folding and fault- 
ing, and is therefore parallel to the axes of the major folds. 

With certain exceptions, noted later, the strike of schistosity through- 
out the region mapped, is northeast-southwest at slightly varying angles, 
and the dip is usually steeply inclined toward the southeast. In the pre- 
Cambrian rocks of sedimentary origin the schistosity is almost always 
parallel to the strike and dip of the bedding; and the few exceptions to 
this rule which were noted are probably due to the presence of subordinate 
folds superimposed on the major folds. ‘There are greater variations in 
the relation of schistosity to bedding in the Ordovician slates than in the 
older rocks, for these have not been subjected to such severe compression 
and the dip of the bedding is therefore less uniform. 

On the Stage Junction road, a mile north of Columbia, there are a 
number of rock exposures in the vicinity of the contact between the intru- 
sive granite and the older pre-Cambrian schists and quartzites. In these 
exposures the strike of the schistosity is approximately parallel to the 
contact, varying from N. 15° to 24° W., and dipping southwest at an angle 
of about 45°. This exception to the general trend of the schistosity affects 
both the sedimentary and the igneous rocks and is probably due to the 
intrusion of the latter. 

tn most places the boundary of the granite area runs in a general 
northeast-southwest direction, approximately parallel to the strike of the 
bedding and schistosity of the neighboring sedimentary rocks; and in the 
few places where the contact cuts across the strike of the latter, the 
exposures are not sufficient to determine whether the anomaly described 
above holds true in other localities or not. 

A peculiar form of schistosity was observed in slate from the bottom 
of a synclinal fold (see pp. 45-46). Instead of the usual slaty cleavage it has 
a prismatic cleavage, which causes the rock to break with equal readiness 
in all directions parallel to the axis of folding, while it breaks with much 
greater difficulty at right angles to this axis. 

The schistose structure possessed by most of the granites and 
related igneous rocks of the district, was probably induced by pressure 
or mashing of the massive rock, but the gneissoid banding shown in certain 
localities (see Pl. VIII, fig. 1) is evidently a primary flow structure. In 
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the Elk Hill complex (see p. 57) granite occurs in the form of inumer- 
able dikes, varying from a few. inches to 50 feet or more in width, 
which have been intruded into the hornblende schist; and while for the 
most part the granite follows the planes of schistosity in the older rock 
it occasionally cuts directly across. Some of the granite dikes have a much 
contorted gneissic banding; and since the contortions are not shared by 
the older schist, they can not be explained by pressure, and must be due 
to movements in the partly solidified granite. 


Structural Relations of the Granite. 


Granite is a rock which forms only under conditions of deep burial, 
and therefore a large amount of overlying material must have been removed 
by erosion in order to expose the present surface. There is nothing to 
indicate that the material removed was essentially different from the for- 
mations that remain in contact with the granite, and that certainly in 
places overlie it. From this it should not be inferred that these same 
sedimentary formations necessarily extended for an indefinite distance to- 
ward the east; but it is believed that they formerly covered the granite 
in the immediate vicinity of the contacts, and that they once covered the 
large areas, such as the one lying between Stage Junction and Fork Union, 
which are still partly or wholly surrounded. 

The areal distribution of the two formations indicates that the contact 
between the granite and the pre-Cambrian sedimentaries is not a uniform 
plane, but that the granite rises higher along certain lines that probably 
represent anticlinal folds. Such a line connects the granite embayment 
heading near Wilmington with the area lying between Kent’s Store and 
Tabscott, and there is evidence that the intervening region is underlaid 
with granite at no great depth. The sedimentary rocks in the region 
between these two granite areas are intensely metamorphosed, hornblende 
schists are common, and there are numerous intrusive bodies of porphyry 
and pegmatite. The latter, which are probably differentiates from the 
underlying granite, are limited to this particular region and do not occur 
in the schists on either side. Some of the facts indicating the presence of 
an anticlinal fold in this vicinity were given in a previous paragraph, and 
it is interesting to note that the gold veins are located chiefly in the limbs 
of these folds not far from the granite contact. 

In the southern portion of the area mapped the exposure of granite 
at the Greeley mine, a mile southwest of Gravel Hill, is in direct line of 
strike with the Rosney granite area; and the sedimentary rocks lying 
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between these two localities show evidence of contact metamorphism. Some 
of the rocks, as at Tower Hill, are largely altered to garnet and sillimanite, 
and tourmaline-bearing quartz veins are plentiful. It is believed that 
granite closely approaches the surface along this northeast-southwest line, 
and that the few exposures which occur are located where erosion has 
removed the overlying cover of sedimentary rocks. It is probable that 
much of the pre-Cambrian sedimentary area is underlaid with granite at 
greater depths. 


Relations of the Hornblende Schists to the Granites. 


Hornblende schists are plentiful in the Columbia granite area and in 
the Elk Hill complex, but are rarely found elsewhere in the area of granitic 
rocks; their distribution and occurrence have been described in detail in 
a previous chapter. There are two hypotheses that may be offered in 
explanation of the presence of these schists: (1) They are due to the 
partial solution and recrystallization of inclusions of the country rock, and 
(2) they represent segregations from the original granite magma. No 
chemical analyses are available, but all of the field and petrographic 
evidence is in favor of the latter hypothesis. 

One of the chief objections to the first hypothesis is that, while the 
schists are more plentiful near the boundary of the granite area, there is 
no noticeable variation in their abundance or in their mineral composition 
consequent upon changes in the character of the sedimentary rocks along 
the contact. Moreover, they are abundant in the Elk Hill complex, which 
is situated far from the contact with sedimentary rocks. Another serious 
objection is the fact that the central portions of even the largest horn- 
blende areas show no evidence of a sedimentary origin. 

On the other hand, the areas of hornblende schists vary in abundance 
and size with the mineral composition of the granite; they are most 
plentiful in the southern portion of the Columbia area where ferromag- 
nesian minerals, especially hornblende, are abundant in the granite, and 
they are absent in the embayment between Wilmington and Carysbrook, 
where the ferromagnesian minerals are at a minimum. ‘The reasons for 
believing that the granite near Carysbrook solidified later than the rock 
in other portions of the area were given on pages 62-63, and the field 
evidence is conclusive in showing that the hornblende schists crystallized 
prior to the complete solidification of the associated granite. 

The hornblende schists are remarkably uniform in mineral composi- 
tion, and the variations from the normal are all intermediate between the 
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granite and the typical schist. Occurrences showing a gradation of granite 
into hornblende schist were described in detail in a previous chapter (see 
pp. 66-68). On approaching a large area of hornblende schist the potash 
feldspars and muscovite disappear from the granite and finally hornblende 
gradually takes the place of biotite. 

It seems probable that the hornblende schist and granite of the Elk 
Hill complex belong to the same period of intrusion as the rocks of the 
Columbia area, for they are similar in appearance and mineral composi- 
tion. Another fact, which lends support to this supposition, is the absence 
of hornblende schists along the contact between the Columbia area and 
the pegmatite belt, although the schists commonly constitute a border 
facies of the granite. This suggests that the Elk Hilt complex may 
represent the real eastern border of the Columbia granite and that the 
intervening pegmatites may be residual differentiates from a common 
magma. 

As yet little is known of the processes by which rock magmas are 
differentiated into rocks differmg widely in mineral and chemical com- 
position. In the absence of numerous chemical analyses of the rocks it is 
impossible to discuss the various theories of rock differentiation and their 
application to the present problem; but some of the more important facts 
concerning the differentiation of the hornblende schists will be summarized, 
and the probable processes will be briefly outlined. 


The hornblende schists crystallized prior to the granites with which 
they are associated, and they are more plentiful where the granite is 
hornblende-bearing. In the Columbia area the hornblendic granites 
probably solidified prior to the granites containing little or no hornblende. 
Where hornblende occurs in the granites it is one of the minerals of early 
crystallization. The bodies of schist vary in size from small schleren 
up to areas that are over a square mile in extent, and they are most 
abundant in the marginal portions of the granite area. 


The hypothesis outlined below, while only tentative in its nature, is 
based on the facts given in the previous descriptions, and serves to explain 
the observed relations between the hornblende schists and the associated 
granite. As the original magma gradually cooled, crystallization began 
in the border portions where the temperature was lowest, the more basic 
minerals separated out first; and in this way the marginal areas of horn- 
blende rock were formed. Differential movements, occurring after the 
basic border facies of the magma had partly or wholly crystallized, resulted 
locally in the intrusion of the still-fluid portions of the magma into the 
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solidified rock, and caused the interleaving of the two rock types that is 
such a prominent feature of the Elk Hill complex. The detached areas of 
hornblende schist found within the central portion of the granite may 
represent material derived from the border portions, or possibly they are 
due to segregations in situ. 

The differential movements mentioned above may have brought por- 
tions of the solidified rock into contact with magma having a higher 
temperature and resulted in some resolution. This possibly explains the 
occurrence of intermediate rock types with unusual coarse textures, for 
when recrystallization followed upon partial solution any undissolved 
crystals would prevent supersaturation, which is commonly the cause of 
rapid crystallization and fine texture. 

It is believed that the granite near Carysbrook, which is low in ferro- 
magnesian minerals and contains no marginal areas of hornblende schist, 
was intruded in a partly crystallized condition (see pp. 62-63), and was 
the final portion of the magma to solidify. 


METAMORPHIC FEATURES. 
Regional Metamorphism. 


All the older rocks in the area studied, both those that are sedimentary 
and those that are igneous in origin, have been deeply buried in the 
anamorphic zone, and most of them show pronounced effects of dynamic 
metamorphism. Megascopically these effects are manifested chiefly by 
the development of a schistose structure, which in some instances is accom- 
panied by gneissoid banding. In a rough way the degree of alteration is 
proportional to the age of the rocks; the pre-Cambrian sediments are the 
most schistose, the Ordovician rocks show less effects, and the Triassic 
rocks are practically unaltered. The degree of schistosity is also dependent 
on the composition and original texture of the rock. The pre-Cambrian 
quartzites, for example, are almost massive, while the fine-grained schists 
with which they are interbedded have a highly developed cleavage and 
almost perfect parallel orientation of the mineral constituents. 

Microscopically, the chief evidence of dynamic metamorphism is fur- 
nished by the fracturing, granulation, and optical distortion of certain 
minerals, by recrystallization, and by the complete or partial alteration of 
primary to secondary minerals, such as sericite and chlorite. 

The development of the pseudophenocrysts that occur in the knotted 
schists took place under mass-static conditions, for these minerals are of 
later formation and show no regular orientation relative to the schistosity 
of the rock. 
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Since the metamorphism of the different rock types has already been 
considered in the chapter on descriptive geology and petrography, a detailed 
discussion will not be given here. While the alterations outlined above 
have been attributed chiefly to mass-mechanical action under conditions 
of deep burial, it is probable that the changes have been greatly aided by 
the intrusion of the vast masses of igneous rock, only part of which have 
been exposed by erosion. 


Contact Metamorphism. 
INTRODUCTION. 


Under contact metamorphism, those changes will be discussed which 
are set in action by intrusive masses of molten rock. The metamorphism 
of the wall rock is manifested by recrystallization, usually with the pro- 
duction of new and characteristic minerals, and by changes in texture; 
the effects are at a maximum near the intrusive and decrease in intensity 
with the distance from the contact. The intrusive likewise shows more or 
less variation in texture and mineral composition as the contact is 
approached. 

It is now generally believed that the changes which take place in the 
vicinity of igneous intrusives are due chiefly to the action of highly heated 
water and other mineralizers set free by the solidifying magma. ‘These 
highly heated vapors or gases, probably carrying a certain amount of 
silicates and other substances in solution, penetrate the surrounding rock 
through minute fractures and pores, bring about the formation of new 
minerals, and deposit their dissolved material. Acid magmas, such as 
those from which granites crystallize, are supposed to be richly provided 
with these mineralizers, and therefore commonly produce greater effects 
than more basic magmas. 

All the older rocks.in the James River basin have been subjected to 
intense dynamic metamorphism and it is often difficult to distinguish 
between alterations due to this cause and those due solely to igneous in- 
trusives. The diabase dikes, and other small masses of intrusive igneous 
rock, have produced practically no effect on the sedimentary rocks along 
their contacts, but in the vicinity of the granite area the older rocks have 
been intensely altered by contact action. Because of the lack of good 
exposures, there are only a few places where the contact between the 
granite and the sedimentary rocks can be observed and studied; the best 
of these is furnished by the bluffs along James River and Phelps Creek 
in the vicinity of New Canton. The rocks in this locality will now be 
described in detail. 
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DETAILED DESCRIPTIONS OF CONTACT PHENOMENA. 
JAMES RIVER SECTION AcROSss GRANITE CONTACT. 


On the south side of James River near New Canton, the contact 
between the granite and the pre-Cambrian sediments is marked by a belt 
of hornblende schists, 700 to 900 yards wide, part of which are sedimentary 
in origin, while part represent a basic border facies of the granite. In 
the absence of chemical analyses it is impossible in many cases to distin- 
guish between the rocks that are igneous and those that are sedimentary 
in origin, and indeed they are to a certain extent interleaved with one 
another; therefore the line drawn on the map (Fig. 2) to show the con- 
tact between the two formations is only approximate. On the east side, 
the hornblende schists pass into granite, while on the west they grade into 
the knotted schists which are interbedded with quartzites. 

The quartzites are described in detail on pages 16-18, and the knotted 
schists on pages 30-34. At a distance from the contact the knots or eyes 
present in the schist consist of impure siderite; about 900 yards east of 
the hornblende schists, biotite begins to take the place of siderite in the 
eyes, and within 600 yards of the hornblende schists garnets appear. ‘The 
change is one of gradual increasing intensity of metamorphism as the 
contact is approached; but there is one exception to this rule—the knotted 
schists occurring along the east side of the quartzite, about 700 yards 
from the hornblende schists, are intensely altered in the immediate vicinity 
of their contact with the quartzite, probably because the latter rock, being 
more porous, has furnished a channel for the circulation of the heated 
solutions expelled from the cooling granite. 

About 300 yards southeast of Bremo bridge, an old tunnel, said to 
have been opened in prospecting for iron, exposes the rock along the east 
side of the quartzite. Near the schist the quartzite contains numerous 
garnets, and the quartz appears to be completely recrystallized. Adjoin- 
ing the quartzite there is a bed of highly garnetiferous rock, 4 to 12 feet 
wide, which grades into the typical knotted schists. The strike of the 
schists is N. 23° EH. and the dip practically vertical. 

The altered rock (Spec. 456) near the quartzite is dark gray to brown 
in color, and consists of numerous red garnets, ranging up to 4 mm. in 
diameter, fine-grained quartz, radiating crystals of dark gray sillimanite, 
and a little dark green chlorite. Examined in thin sections under the 
microscope the garnets are light pink to nearly colorless, contain numerous 
inclusions, are irregular in outline, and show partial alteration to chlorite 
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in their border portions and along fractures. Some are quite clear while 
others are rendered almost opaque by clouds of dust-like inclusions (mag- 
netite or hematite), which are frequently confined to the central portions 
leaving the borders clear. Some of the garnets also contain numerous 
included quartz grains. Quartz, which is the second mineral in relative 
abundance, has been completely recrystallized and occurs in irregular 
grains showing strain shadows. The sillimanite is mostly arranged in 
radiating clusters of prismatic crystals. Magnetite, hematite, and a little 
pyrite are present as minor accessories. 

Other exposures are furnished by several surface pits located along 
the same line of strike, a mile southwest of New Canton; and here the 
garnet rock may be seen grading on the east into the knotted schists con- 
taining scattered eyes of garnet. The rock (Specs. 465 and 466) from 
these openings is dark reddish-brown in color and consists chiefly of garnets 
with less quartz, sillimanite, cyanite, chlorite, magnetite, hematite, and 
pyrite present in the order named. ‘The garnets (almandite) are large, 
imperfectly formed, and contain numerous inclusions of quartz and iron 
oxide. Under the microscope they frequently show irregular branching 
radii of clear mineral which spread out from the center and separate areas 
that are full of inclusions. As these radii recede from the center they 
branch into a vein-like network, which grades without definite boundaries 
into the surrounding ground-mass, consisting of quartz, garnet, and 
magnetite. Another form of garnet (possibly spessartite) is so full of 
dust-like inclusions of magnetite with a little quartz, that they are rendered 
almost opaque. ‘These inclusions show a zonal arrangement, and in some 
of the garnets the zonal bands are broken and contorted as though by 
crushing. Sillimanite is present in radiating groups of fine-bladed 
crystals, and cyanite occurs in large-bladed prisms, which frequently show 
multiple twinning and contain dust-like inclusions of iron oxide. 

A garnet-sillimanite rock, similar to that just described,, outcrops along 
the road near Hatcher Creek, a mile south of Gravel Hill postoffice, and 
also near the summit of Tower Hill, 244 miles southwest of Gravel Hill. 


Passing eastward from the quartzite, knotted schists are exposed in 
the river bluffs for several hundred yards. Specimen 307, taken from an 
outcrop 200 yards east of the quartzite and 800 yards from the contact, 
contains numerous eyes of biotite and only occasionally a small garnet. A 
detailed petrographic description of the rock is given on pages 32-33. About 
300 yards farther east the schist (Spec. 306). is hght bluish-gray in color, 
slightly coarser grained, and contains scattered eyes of garnet 1 to 2 mm. 
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in diameter. Specimen 305, taken about 400 yards from the contact, is of 
light gray sericitic schist containing garnets 2 to 4 mm. in diameter, and 
occasional flakes of biotite about 1 mm. in diameter. 


Near Phelps Creek and about 300 yards from the contact hornblende 
begins to be plentiful in the schist, occurring in dark green crystals that 
range from small grains up to prisms 3 or 4 mm. in length. The rock 
(Specs. 303 and 304) is mostly fine-grained and compact, breaking readily 
along closely spaced joints. 'The minerals distinguishable megascopically 
are quartz, hornblende, chlorite, sericite, much pyrite, and a little magnet- 
ite. The New Canton copper mines are located directly in line of strike 
with these rocks and therefore the large amount of pyrite present is signifi- 
cant. Petrographic descriptions of rocks from the different copper mines 
are given on pages 250-256. 

Near the second railroad bridge over Phelps Creek and about 250 
yards from the contact the schist (Spec. 301) is a fine-grained, dark 
ereenish-gray rock, speckled with numerous, well-formed, red garnets 
0.5 mm. in diameter, and containing occasional lenses of pyrite 2 or 3 cm. 
in length. With the aid of a pocket lens small needles of hornblende, 
oriented parallel to the schistosity, and fine-grained quartz are seen to 
make up the greater part of the rock-mass. At the Margaret mine and 
about the same distance from the contact a quartzitic rock was found 
which contains irregular crystals of dark green hornblende and lght 
greenish-brown needles of sillimanite. 

In the bluff on the east side of Phelps Creek, and about 150 yards 
from the contact line shown on the map (Fig. 2), an apophysis or dike 
from the granite is exposed. It is perhaps 20 feet in width and parallels 
the inclosing schists in strike and dip. The rock (Spec. 426) is hght gray 
in color, fine-grained, and highly schistose; it is composed essentially of 
white feldspar, quartz, and flakes of black biotite, which are oriented 
parallel to the schistosity and are much more plentiful in some portions 
of the rock than in others. A little garnet and magnetite may also be 
distinguished megascopically. Examined microscopically the rock is seen 
to be slightly porphyritic in texture, containing feldspars that range up to 
2 mm. in length. The feldspars are all plagioclase (albite-oligoclase or 
oligoclase) and are for the most part unstriated, but occasionally both 
Carlsbad and albite twinning can be distinguished. The biotite is light 
greenish-brown in color, strongly pleochroic, and some of the flakes are 
nearly as large as the feldspars. The ground-mass is composed of feldspar, 
quartz, biotite, a little chlorite, small pink garnets, and a few grains of 
magnetite and irregular zircons. 
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Along the contact between the granite dike and the hornblende schists 
there is a layer of rock (Spec. 427), only a few inches thick, composed 
largely of bright green chlorite and well-formed garnets ranging up to 
0.75 cm. in diameter. Under the microscope the garnets are seen to con- 
tain numerous inclusions of quartz and magnetite. None of the chlorite 
is derived from the garnets, for the latter are all fresh and unaltered. 
Quartz occurs in lenticular eyes and as small veinlets between the cleavage 
planes of the chlorite. Fluid inclusions, usually with bubbles, are plentiful 
and some are comparatively large. Scattered grains of magnetite and a 
little sericite make up the accessories. 

About 50 yards southeast of the granite dike and within 100 yards 
of contact line shown on the map, the rock (Spec. 428) is light gray, 
fine-grained, close-textured, and distinctly schistose. It contains well- 
formed pink garnets ranging up to 2 mm. in diameter, and with the aid 
of a pocket lens small needles of green hornblende, quartz, and much fine- 
grained magnetite may be distinguished. 

Under the microscope the magnetite is seen to occur in idiomorphic 
grains which are scattered through the rock without reference to the other 
minerals; the hornblende occurs in slender needle-like prisms, occasionally 
showing sections with crystal outline; and the quartz is present in 
irregular grains filling the interstices between the other minerals. 
Scattered through this ground-mass there are a few comparatively large 
irregular crystals of acid plagioclase feldspar, ranging up to 2 mm. in 
diameter. ‘They are very ragged in outline and poikilitic in texture con- 
taining numerous small inclusions of quartz and to a lesser extent of the 
other minerals. The hornblende needles occasionally project into the 
feldspars, but are usually pushed aside by them. The feldspars are partly 
oriented with their greater elongations parallel to the schistosity, they 
rarely show fine albite twinning, and are usually unstriated. A little 
chlorite is present as an alteration product of hornblende. 

The rock (Spec. 429) 30 yards south of that last described is dark 
green, even-granular, and more nearly massive in texture. Under the 
microscope it is seen to consist of hornblende, feldspar, quartz, and a little 
magnetite and pyrite, in the order named. Hornblende, which is dominant, 
occurs in irregular, elongated prisms only partly oriented parallel to the 
schistosity. The feldspar is all acid plagioclase with an index of refraction 
approximately the same as quartz, and is partly unstriated and partly 
twinned after the albite law. A small amount of chlorite is present as a 
secondary mineral. In the absence of chemical analyses it is impossible 
to say whether the rock is sedimentary or igneous in origin. 
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The rocks exposed in the bluffs along the east side of Phelps Creek as 
far south as the county road are all hornblende schists varying slightly in 
coarseness of texture. In places narrow dikes of quartz porphyry con- 
taining much biotite are interleaved with the hornblende schists. 


About 60 yards northeast of the road bridge, and within 50 yards of 
the contact as shown on the map, the rock (Spec. 433) is dark green, 
fine-grained, close-textured, and contains much pyrite in scattered cubes, 
ranging up to 3 mm. in diameter. Examined microscopically the rock is 
seen to consist of quartz, hornblende, magnetite, a little plagioclase 
feldspar, and some secondary chlorite. The magnetite is present in idio- 
morphic: grains evenly distributed through the rock; the hornblende is 
almost as plentiful as the quartz, occurring in needle-like prisms that are 
imperfectly oriented parallel to the schistosity; and the quartz fills the 
interstices between the other minerals and occasionally forms lenticular 
eyes, 1 mm. in diameter. Both hornblende and magnetite are present as 
inclusions in the quartz. A little acid plagioclase showing albite twinning 
may be identified in places but is not plentiful. 

Specimen 434 was obtained from the bluffs facing the low ground on 
the south side of James River and about 75 yards east of the line of con- 
tact as shown on the map (Fig. 2). The rock is a dark gray, fine-grained 
hornblende schist containing streaks due to elongated segregations of the 
light-colored minerals. It is cut by closely spaced joints, which cause the 
rock to break into small rhombic shapes. Examined under the microscope, 
hornblende is seen to be dominant, occurring in slender prisms which 
occasionally show idiomorphic cross sections and are usually oriented 
parallel to the schistosity. They show good cleavage and are practically 
free from inclusions. The interstitial spaces are filled with acid plagio- 
clase, quartz, and magnetite. The feldspars are clear, seldom show cleavage 
or twinning, and have an index of refraction shghtly less than balsam, 
corresponding to albite or albite-oligoclase. Quartz is present as a minor 
constituent, magnetite occurs in small scattered grains, and there is a little 
chlorite present as an alteration product of hornblende. 

A hundred yards farther east the hornblende schist (Spec. 435) is 
much coarser in texture. It is a heavy rock, dark green to black in color, 
and contains hornblendes ranging up to 6 mm. in diameter, numerous 
grains of magnetite, and occasional light-colored spots, consisting of fine- 
grained, light green epidote. Under the microscope the hornblende, which 
makes up the greater portion of the rock, is strongly pleochroic in shades 
of dark green, blue, and greenish-brown; it has good cleavage but poor 
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erystal form, and frequently contains numerous inclusions of quartz and 
magnetite. Magnetite is the second mineral in relative abundance, occur- 
ring in small angular grains and in larger masses which occasionally contain 
inclusions of hornblende. Epidote is present in small grains and granular 
aggregates, almost colorless and only slightly pleochroic. Quartz is spar- 
ingly present in small grains and chlorite occurs as an alteration product 
of hornblende. 

Fine-grained hornblende schist, over 100 yards in width, intervenes 
between the coarse-grained schist and the granite, which first appears about 
400 yards east of the line showing the approximate contact between the 
sedimentary and igneous rocks. In the road half a mile south of New 
Canton a coarse-grained hornblende schist, containing a much larger per- 
centage of feldspar than the rock described above, is exposed close to the 
granite. 

The granite (Spec. 438), exposed in the river bluffs near the horn- 
blende schists, is dark gray, fine-grained, and very gneissic in structure. 
The minerals recognizable megascopically are feldspar, quartz, biotite, 
many small pink garnets, and a few scattered grains of hornblende and 
magnetite. A specimen (439) obtained about 200 yards farther east is 
much hghter in color. It has well-developed gneissic banding, and sericite 
is very prominent, while biotite is relatively scarce. Hxamined micro- 
scopically it is seen to consist, of acid plagioclase, quartz, sericite, biotite, 
garnet, a very little hornblende, and the secondary minerals epidote and 
chlorite. There seems to be no potash feldspar present. Other specimens 
of the granite from this vicinity are described on pages 71-72. 

On the opposite side of James River the marginal belt of hornblende 
schist is narrower, but there are several small elongated areas of horn- 
blende schist included within the granite. Continuing northeast along 
the contact the belt of hornblende schists gradually becomes narrower and 
a short distance south of Fork Union entirely disappears. 


RIvANNA RIVER SECTION AcROSS GRANITE CONTACT. 


The contact between the granite and the sedimentary rocks is fairly 
well exposed in the bluffs on the south side of Rivanna River, a mile north- 
west of Carysbrook. A quarry has been opened in the granite within 
less than 100 yards of the contact, and the rock exposed in the opening is 
described in detail on pages 75-77. The contact can be located with an 
error of less than 20 feet, but there is little if any evidence of contact 
metamorphism. ‘The granite is probably a little finer grained than that 
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exposed in the quarry, and contains more pyrite. The sedimentary rock 
is a chloritic slate which near the contact is slightly coarser grained, more 
siliceous, and less regular in its cleavage, but all of these differences may 
be due to other causes than contact metamorphism. 

No evidence of faulting is visible, and the textural and structural 
relations of the slate indicate that it is older than the granite. The lack 
of pronounced evidence of contact action is probably due to the fact that 
the sedimentary rocks were intensely altered by dynamic metamorphism, 
prior to the intrusion of the granite, which must have been much cooler 
than the granite near New Canton. On pages 62-63 evidence was presented 
to show that the granite near Carysbrook was intruded and solidified at 
a later date than the granite farther south; and both the megascopic and 
microscopic evidence (see pp. 75-76) indicates that this granite was in- 
truded in a partly solidified condition. 


VEINS. 


Quartz veins are of frequent occurrence in the sedimentary rocks near 
their contacts with the granite, and, where not exposed, their presence is 
commonly indicated by an abundance of quartz float on the surface. North 
of James River these veins contain soda-lime feldspars, muscovite, a little 
tourmaline and other minerals indicative of a magmatic origin, and they 
usually carry small quantities of gold; south of the river tourmaline is 
very abundant in many of the quartz veins. Some of the veins are accom- 
panied by more or less metasomatic replacement of the wall rock, and an 
extreme example of this replacement is furnished by the sulphide bodies 
near New Canton. The walls of some of the veins show evidence of meta- 
morphic action similar to that found near the granite contacts, but on a 
smaller scale. The gold-bearing veins are described in detail in chapter V. 


WILLIS MOUNTAIN. 


On the southwest slope of Round Mountain (the southern knob of 
Willis Mountain) the schists in the vicinity of an intrusive diorite show 
pronounced effects of contact action. The exposures are limited to two 
shafts 40 to 50 feet deep, located about 100 yards apart in an east and west 
direction, which were sunk in prospecting for copper. ‘The size of the 
diorite body could not be ascertained because of the insufficiency of ex- 
posures, but the coarseness of texture indicates that it is probably large. 

Megascopically the diorite (Spec. 390) is a massive dark gray rock 
composed essentially of dark green hornblende in irregular prismatic 


114 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


crystals ranging up to 1.5 em. in length, white feldspars, which frequently 
show multiple twinning, numerous red garnets about 1 mm. in diameter, 
with more or less pyrite and pyrrhotite. In places the rock is cut by 
narrow intersecting veinlets, some of which are composed of white feldspars, 
2 to 3 cm. in diameter, with more or less pyrite and pyrrhotite, while others 
consist chiefly of white, even-granular calcite. The latter range up to 
6 or 7 inches in thickness. There are also occasional streaks or bands due 
to the presence of unusual amounts of garnet, or, more rarely, epidote. 

Examined microscopically the hornblendes are light green in color and 
contain numerous inclusions, principally feldspar and quartz. The 
feldspars show beautiful twinning after the albite and pericline laws, and 
in composition are probably intermediate between andesine and _ labra- 
dorite. Most of the garnets show good crystal form; they are shghtly 
altered along fractures with the production of chlorite and calcite. A 
little light brown biotite, elongated grains of rutile, ilmenite partly altered 
to leucoxene, and occasional zircons make up the minor accessories. 

The typical cyanite and quartz-sericite schists constituting Willis Moun- 
tain have been described in a previous chapter (see pages 25 and 27-28). 
The schist (Spec. 389) near the diorite is a light brown, fine-grained rock, 
heavily impregnated with pyrite in cubical crystals ranging up to 2 or 3 
mm. in diameter. The other minerals recognizable megascopically are 
light brown biotite, a scaly micaceous mineral, colorless to light gray or 
green (probably chlorite), a few prismatic grains of rutile, and a little 
nearly colorless cyanite. 

Under the microscope the light-colored mineral (chlorite), which is 
probably dominant, has very low interference colors and frequently occurs 
in radiating scales. The biotite is very light brown in color and rather 
weakly pleochroic; in places it contains needle-like prisms of rutile. 
Soda-lime feldspar, intermediate between andesine and labradorite, is the 
third mineral in relative abundance and frequently shows twinning after 
both the albite and pericline laws. Cyanite is quite plentiful, rutile is 
abundant in prismatic crystals and irregular grains, and there is also much 
calcite present. The crystals of pyrite contain occasional inclusions of 
rutile but no other minerals. Zircons are present as unimportant minor 
constituents. 


OUTLINE OF GEOLOGICAL HISTORY. 


The complete geological history of this region can not be written until 
the rocks of the Piedmont province have been studied and mapped in 
greater detail; the record is fragmentary and complex, and much of it. 
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may never be deciphered. In the older rocks of the area, which have been 
classified as pre-Cambrian, no fossils have been found, and if they were 
ever present, they have probably been destroyed by the extensive meta- 
morphism that has affected the entire region. 


Pre-Cambrian. 


The history of the James River basin in pre-Cambrian times is shrouded 
in much doubt. It is not known whether the period of igneous activity, 
resulting in the formation of the basic rocks of the greenstone area, 
preceded or followed the deposition of the pre-Cambrian sediments. These 
sediments were laid down as sand and mud in shallow waters not far from 
the shore, as is indicated by the lenticular shape and sudden pinching of 
many of the quartzite beds, as well as their frequent repetition. The for- 
mation of pure quartz sands involves the complete decomposition of quartz- 
bearing rocks in order that the quartz grains may be separated from the 
other constituents, the latter going to form the fine clayey beds. 'There- 
fore most of the sediments were probably derived from a low-lying land 
area mantled with residual decay. These conditions, however, did not 
continue uniformly throughout the entire period of sedimentation, for the 
arkosic beds lying between Lantana and Pryors Crossroads were laid down 
under conditions that did not permit mature weathering. 

After their deposition the sedimentary beds were compressed by power- 
ful forces acting in a northwest-southeast direction; the effects of which 
were close folding, faulting, mashing, and recrystallization. These great 
crustal movements, which brought the pre-Cambrian period to a close, 
converted a large area within the limits of the North American continent 
into land. While the crustal movements were still in progress, and 
probably as another manifestation of the same orogenic forces, large masses 
of molten rock were intruded into the sedimentary formations. 


Cambrian. 


The period of igneous activity, which resulted in the intrusion and 
differentiation of the granites and their related rocks, continued until 
after the great crustal movements had ceased. T'he formation of the gold 
veins is believed to represent the final stage in the differentiation and 
crystallization of the granite magma. 

The massive diorite dikes, which occur at several places in the area, 
were probably intruded during Cambrian times, but after this there ensued 
a long period of freedom from igneous activity. 
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During Cambrian and early Ordovician time the area was subjected 
to extensive denudation, the products of erosion probably going to build 
up the Cambrian formations to the west. This period of denudation 
resulted in the removal of thousands of feet of overlying material and the 
exposure of the deep-seated granite. 


Ordovician. 


In late Ordovician time portions of the Piedmont region were again 
depressed below sea level to receive the sediments of that period, but it is 
improbable that all of the area has been under water since its elevation 
at the close of the pre-Cambrian. The Ordovician sediments were laid 
down on the eroded surface of the older formations, the material being 
derived from the neighboring land areas of pre-Cambrian rocks. The 
limited thickness of the coarser sediments at the base of the series, in com- 
parison with the overlying beds of slate, indicates that subsidence was 
rather rapid; and the presence of tuffaceous beds shows that the move- 
ment was accompanied by more or less volcanic activity, although there are 
probably no igneous rocks of this age present in the district. 

The Ordovician period was closed by marked geographical changes 
which enlarged the land areas and raised the recently formed sedimentary 
beds above water. After the close of the crustal movements resulting in 
the folding and faulting of the Arvonia slate belt, the region seems to have 
entered upon a period of quiescence. While oscillations occurred in other 
parts of the country, the Piedmont portion of Virginia seems to have re- 
mained above water and to have sutiered little if any deformation until 
after the close of the Carboniferous; and during this entire period pene- 
plaination continued uninterrupted. 


Triassic. 


It seems probable that the Piedmont peneplain was but shghtly affected 
by the Appalachian revolution. The surface was warped or faulted 
sufficiently to form the elongated trough-like depressions, roughly parallel 
to the coast, in which the sedimentary beds of the Triassic (Newark for- 
mation) were laid down. It is not believed that these deposits,ever covered 
a large area, though it is possible and perhaps probable that the detached 
areas found in Piedmont Virginia were once connected with one another. 
The prevailing red color of the formations, the presence of coal beds, and 
the character of the fossils indicate that the sediments were deposited in 
fresh or brackish water and that they are not of marine origin. The 
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material composing these strata was derived principally from the residual 
decay of the neighboring crystalline rocks, which must have undergone 
extensive chemical decomposition after they had been reduced by erosion 
to a nearly level plain. 

The deposition of the Triassic sediments was accompanied or imme- 
diately followed by the intrusion of the diabase dikes, which are of fre- 
quent occurrence throughout the Piedmont area. 

Since Triassic time the surface has been slightly elevated, and there 
has been a little faulting, but no important crustal movements have 
-occurred; degradation has continued without interruption down to the 
present day. ‘The detailed history of the development of the existing sur- 
face features is given in the chapter on physiography. 


CHAPTER V. 
THE GOLD MINES OF THE DISTRICT. 


INTRODUCTION. 


Detailed descriptions of all gold mines in the district are given below, 
but because of lack of information some of the descriptions are not nearly 
so complete as others. When the region was studied by the writer most of 
the mines had long been abandoned and consequently few openings were 
accessible; development work was in progress at the Scotia, Tellurium, 
Waller, and Young American mines; an old shaft was being reopened 
on the Payne property; and a little ore had recently been mined from 
superficial workings on the Bowles tract. Some of the older mines have 
been described from time to time by geologists and mining engineers, and 
wherever information could be obtained from such sources it has been 
freely used. ‘The mines on the north side of James River, in Goochland 
and Fluvanna counties, will -bé<considered first, and then those located 
on the south side of the river ‘in Buckingham County. 


. 
ayte 4 


MINES IN GOOCHLAND AND FLUVANNA COUNTIES. 
The Young American Mine. 


Location—The Young American gold mine is situated in Goochland 
County about 114 miles north of Lantana and 614 miles northeast of 
Columbia. 

History——The Young American, formerly known as the Gilmer mine, is 
said to have been discovered about 1869 by a Mr. Aldrich, who at that time 
was operating a saw mill on the property. After a little prospecting he sank 
a shallow shaft on a vein, now known as the “House” vein, and then built 
a small stamp mill to crush the ore. The mill had wooden stamp-stems 
with iron shoes, and was operated by the same engine that furnished 
power for the saw mill. Mr. Aldrich is reported to have made some money 
from the mine, but only worked it for a short time. Later gold was 
discovered in the branch that runs through the property and sluice and 
rocker washing was carried on during the period between 1871 and 1874. 
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In 1880, the Tagus Gold Mining Company began development work 
and continued operations for three years. About 100 tons of ore found on 
the surface were hauled to the Belzoro mill and’stamped, yielding a return 
of $5.00 per ton. The “House” vein was developed and stoped down to 
water level for a distance of approximately 600 feet along the strike, and 
some small lenses of quartz, paralleling the “House” vein about 100 feet 
to the west, were exposed by an adit and mined. The “Sulphur” vein, 
about 300 yards west of the “House” vein, was explored, several small 
shafts sunk, and much of the vein above water level stoped out. A 4-foot 
Bryan mill was installed to pulverize the ore. As no records are now 
available it is impossible to give authentic information in regard to the 
production and average value of the ore mined. According to one report 
the average value of the ore obtained from the “House” vein was $5.27 
per ton, but another states that it averaged $10.00 per ton. They all agree 
that the ore from the “Sulphur” vein was lower in value. 

From 1885 to 1909, when the present company bought the property, 
the mine passed through several hands, and while occasional attempts at 
development were made, very little ore was milled. It is reported that 
a cyanide plant was in operation in 1893, but with what success is not 
known.” The present company has reopened several of the old shafts and 
drives, sunk 2 shafts on the “Sulphur” vein to a depth of 84 and 100 feet, 
respectively, and done considerable development work, chiefly on the 
“Sulphur” vein. After making trial runs with the old Bryan mill, a new 
building was erected in 1910 and a Lane mill installed, but only about 
1,500 tons of ore have as yet been milled. 

Present equipment.—The mine is equipped with 2 shaft houses, a mill, 
and several other buildings. A steam hoist is located at each of the shaft 
houses, and there is an air compressor to furnish compressed air for the 
drills. 'The mill contains a Blake crusher, feeder, slow-speed Lane mill, 
and 2 Traylor concentrating tables. 

Underground development.—The “Sulphur” vein, having a strike of 
N. 30° E., and an average dip of about 40° toward the southeast, is 
developed by 2 hoisting shafts and several air shafts, with underground 
drives that connect them and extend for a distance of 500 feet or more 
along the vein. The “Sulphur” shaft, sunk on top of the hill, in the 
hanging wall at a distance of 60 feet from the outcrop, is vertical to a 
depth of 80 feet where it intersects the vein, and then follows the vein on 


aNitze, H. B. C., and Wilkins, H. A. J., Gold Mining in North Carolina and 
Adjacent South Appalachian Regions, Bull. 10, N. C. Geol. Survey, 1897, p. 38. 
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an incline for about 42 feet, making the total depth below the surface 100 
feet. About 75 feet from the surface, drives extend in either direction along 
the vein, connecting with the other shafts, and near the bottom of the 
incline 2 short drives run northeast and southwest. The “H. V.” shaft, 
near the branch, 340 feet northeast of the “Sulphur” shaft, is vertical and 
83 feet deep, the first 30 feet being on the vein, which here is nearly 
vertical for that distance. At a depth of 30 feet from the surface a drive 
along the vein connects with the “Sulphur” shaft, and 54 feet from the 
surface an 18-foot cross-cut running southeast intersects the vein, which at 
this point is further exposed by 2 short drives in either direction. 

Practically all the stoping has been confined to the upper portion of 
the vein above the drive connecting the two hoisting shafts. and very little 
ore that would pay the cost of mining and milling remains in that part of 
the mine. 

The “House” vein, outcropping about 250 yards east of the “Sulphur” 
shaft, is not at present accessible, but the old stopes and surface cuts have 
a strike of N. 22° HE. A shaft, sunk about 350 yards southeast of the 
“Sulphur” shaft, did not strike the vein. Several adits have been driven 
under the hill near the north end of the old workings, and though they 
were not carried far enough to intersect the “House” vein, they expose a 
number of large lenses and stringers which approximately parallel that 
vein. ‘he larger lenses encountered have been mined out above the water 
level. 

General description of the geology—There are almost no surface out- 
crops in the vicinity of the Young American mine, but there are many 
exposures along Big Byrd Creek, which cuts directly across the strike of 
the rocks, 3 miles southwest of the property. On the east side of the 
creek, about half a mile south of Bowles’ bridge, rocks outcrop which are 
apparently identical with the country rock exposed in the underground 
workings of the mine, and they are in the same line of strike. These rocks 
are intensely metamorphosed schists and gneisses, derived from bedded 
sedimentaries, which were probably arkosic sandstones and grits. About 
three-quarters of a mile southeast of the mine this series of altered sedi- 
mentary rocks passes into and is interbedded with quartzites, which are in 
places highly ferruginous, containing both specular hematite and magnetite. 
Crystals of magnetite, consisting of octahedrons 1 cm. and less in diameter, 
which have weathered from the underlying rock, are found on the surface 
300 yards northeast of the veins, and at several other localities on the 
property and in its immediate vicinity. The wall rock exposed in the mine 
usually contains much fine-grained magnetite. 
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The hornblendice border facies of the main granite batholith is exposed 
about a mile southeast of the mine, and what is probably a tongue from 
the latter comes within three-quarters of a mile or less, outcrops of granite 
occurring along the branch that runs about that distance northeast of 
the mine. 

Two varieties of gneiss are exposed in the underground workings: ‘The 
dominant type is a dark greenish-gray, fine-grained rock, usually banded, 
and composed essentially of quartz, feldspar, hornblende, biotite, and 
chlorite, with smaller amounts of magnetite, calcite, and sericite; the 
other, which is similar except for the absence of most of the iron-bearing 
silicates, is a fine-grained, light gray rock, composed essentially of quartz, 
feldspar, sericite, and smaller amounts of chlorite and calcite. The chief 
mineral constituents in these rocks, while varying somewhat in their 
relative proportions, are always the same. 

In the openings on the “Sulphur” vein, the light-colored gneiss occurs 
as a bed, varying from 144 to 8 feet in thickness and lying between strata 
of the darker gneiss. It was also found on the dumps of some small pits 
and shafts near the line of strike of the “House” vein, about 200 yards 
south of the Dietz shaft, but in most openings on the property that are 
now accessible the dark hornblendic rock is the variety exposed. 


There are two principal veins on the property that have been worked 
for gold, the “Sulphur” and the “House” veins. In the vicinity of the 
“House” vein there is a large number of small stringers and lenses which 
have been mined to a limited extent. 

The “Sulphur” vein at the surface has an average strike of about 
N. 40° E., which is approximately the same as that of the country rock, 
but locally there is considerable variation, and in the underground work- 
ings near the Chittenden air shaft there is a sharp change in strike from 
N. 21° to 53° E. The dip is toward the southeast, changing from almost 
vertical in places near the surface to an angle of 30° in some of 
the lower workings, the average for the first 150 feet from the outcrop 
being about 50°. ‘The width varies from 6 feet down to a few inches, and 
the average is probably between 2 and 3 feet. Where the vein is several 
feet wide it consists of a single mass of quartz, but elsewhere it frequently 
breaks up into a number of approximately parallel stringers and lenses, 
forming a belt 6 or 7 feet wide in which the country rock between the 
veinlets may be more or less mineralized. (See figs. 6 and 7.) In one 
instance noted, the veinlets instead of being parallel to the general inclina- 
tion of the vein cut across it in such way as to suggest their formation in 
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a zone of shear faulting (see fig. 9, p. 180). Where exposed in the under- 
ground workings, the “Sulphur” vein occurs in the light-colored gneiss 
and also in both the overlying and underlying, dark, hornblendic gneiss. 


The “House” vein, 200 to 300 yards east of the “Sulphur” vein, has a 
strike of about N. 22° E., which would cause the two veins to intersect 
if they both maintain their courses toward the northeast. The “House” 
vein is said to have an average width of 5 or 6 feet, but as the old workings 
have caved and are not now accessible this statement could not be verified. 
The strike was determined by means of the old surface cuts and caved 
stopes along the outcrop. Near the southwestern end of the old workings 
the country rock seems to be chiefly the light-colored gneiss or schist, but 
where the adits have been driven under the hill near the northeastern 
extension of the vein, the country rock, wherever exposed, is a dark green 
hornblendic gneiss, similar to that found in the openings on the “Sulphur” 
vein. 

The adits, above mentioned, were not carried far enough to strike the 
“House” vein, but they cut through a large number of lenticular veinlets 
that apparently parallel the main vein. ‘These veinlets range from 
stringers a fraction of an inch in width up to lenses 2 feet thick and 25 
feet or more in length, and are pegmatitic in character, frequently carry- 
ing much plagioclase feldspar—a mineral which is only occasionally present 
in the “Sulphur” vein. No openings have been made much below water 
level, but where the lenses have been mined their dip is practically vertical. 


While the veins and country rock at the Young American mine are 
much broken by jointing, and there is in places a small amount of fault- 
ing along these joints, there is no evidence of important faulting since 
the formation of the veins. The irregularities in the strike and dip which 
were mentioned above are believed to be due to faulting and fracturing 
prior to the formation of the veins, which left openings or lines of weakness 
along which the solutions that deposited the ores were able to penetrate. 

In addition to the veins described above, several quartz veins carrying 
considerable tourmaline outcrop in the vicinity of the mine, but at the 
surface they contain only traces of gold and therefore practically no 
development work has been done on them. 


Detailed descriptions of the veins and wall rock.—At the bottom of the 
incline from the “Sulphur” shaft, about 100 feet from the surface and 65 
to 75 feet below the natural water level, the vein consists of lenses and 
irregular masses of quartz distributed over a belt 5 to 6 feet in width, which 
is here confined to the bed of light-colored gneiss. A sketch, drawn to scale, 
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showing the distribution of vein quartz and the structural relations of the 
wall rock, is given in fig. 6. Only a short distance above this point the 
quartz begins to collect together so as to form a single well-defined and 
continuous vein. 





Fig. 6.—Vertical section showing vein at bottom of “Sulphur” incline, Young 

American Mine. A, dark-colored gneiss; B, partly decomposed gneiss; 

CO, light-colored gneiss; D, vein quartz. 

The vein quartz is white, translucent and coarsely crystalline. It con- 
tains a little over 1 per cent. of pyrite, shghtly cupriferous and sometimes 
associated with fine-grained magnetite, and, rarely, crystals of white 
feldspar difficult to distinguish from quartz are present. In places there 
are small masses of chlorite and flakes of biotite which probably represent 
altered inclusions of country rock. A carefully collected, average sample 
assayed $1.34 in gold with no silver. In the vicinity of the quartz masses, 
the gneiss is also mineralized to a considerable degree, containing dis- 
seminated grains of pyrite and many small veinlets of quartz which de- 
crease in number and size on passing away from the vein stringers, so that 
they are not noticeable at a distance of 4 or 5 feet. These veinlets range 
from half an inch down to those that are microscopic in size and usually 
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parallel the schistosity; the pyrite occurs in small grains and elongated 
masses less than 1 cm. in diameter and is frequently more plentiful along 
the quartz veinlets. 

The dark-colored gneiss overlying the bed of lighter color, while 
apparently fresh near the contact, passes gradually into partially decom- 
posed rock a short distance above (see fig. 6), and this illustrates the 
great depth to which weathering has reached in this area. As this was 
the deepest opening accessible in the area when the region was studied 
by the writer, average samples of the different rocks exposed at this point 
were carefully taken. A partial analysis of the vein quartz was made, and 
complete analyses of the two varieties of gneiss and also of the partly 
decomposed gneiss. For convenience in comparison these analyses are 
assembled in the table given below, which is followed by a detailed petro- 
graphic description of the rocks. The analyses are arranged in the order 
of their relative distance from the vein quartz, which is also the order of 
decreasing mineralization as is indicated by the decreasing percentages 
of SiO, and FeS,. 


Analyses of vein and wall rock from the Young American Gold Mine. 








i be LET IV 
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99.99 100.21 100.07 
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I. Vein quartz (D in fig. 6). This sample contained 0.87 per cent. iron in excess of 
the amount necessary to form pyrite, the excess being present as a 
constituent of magnetite and chlorite. Determinations made by E. E. 
Burlingame and Co. 


II. Light-colored gneiss (C in fig. 6). Analysis made by Roger C. Wells; gold 
and silver determined by E. E. Burlingame and Co. Another sample of 
this rock assayed by the writer gave 0.05 oz. of gold per ton. 


III. Dark-colored gneiss (A in fig. 6). Analysis made by Roger C. Wells; gold 
and silver determined by the writer. 


IV. Decomposed dark-colored gneiss (B in fig. 6). Analysis made by Roger C. 
Wells; gold and silver determined by the writer. 

The dark-colored gneiss is gray, and in places has a slightly greenish 
tinge. It is fine-grained, even-granular, and the minerals are imperfectly 
segregated into parallel bands 1 mm. or less in width, which are frequently 
folded or contorted to a small extent. The dark bands are due to the 
presence of biotite, chlorite, hornblende, and magnetite; the light bands 
are composed chiefly of quartz with a little sericite. Pink garnets, about 
2 mm. in diameter, more or less crushed and elongated parallel to the 
schistosity, occur scattered through the rock, and a lttle pyrite may also 
be distinguished. 

Examined microscopically, the rock (Spec. 112-A) has a well-defined 
schistose structure, the different minerals being oriented parallel to their 
ereatest elongation, and largely segregated into bands which differ from 
one another in size of grain as well as in mineral composition. In the 
order of relative abundance the minerals present in the slide are quartz, 
feldspar, biotite, chlorite, hornblende, magnetite, carbonate (calcite ?), 
pyrite, and sericite. The quartz grains are usually clear, show no optical 
distortion, and contain occasional rutile needles, and other minute inclu- 
sions. Some of the larger bands consist almost exclusively of quartz, the 
individual grains of which they are composed being slightly larger than 
those in the rest of the rock. ‘These bands are probably chiefly due to the 
recrystallization of silica originally present in the rock, but may be formed 
in part from quartz brought in by the vein-forming solutions. Much 
feldspar (probably oligoclase) is present in the slide. It is partly 
kaolinized, seldom shows twinning, and, as‘ the index of refraction is 
practically the same as quartz, is hard to distinguish from the latter. The 
biotite is light brown to greenish-brown in color, strongly pleochroic, and 
frequently shows partial alteration to chlorite. ‘There is much chlorite 
present, occasionally showing multiple twinning, and it appears to have 
been derived chiefly from the hornblende. Hornblende occurs in two 
varieties; one light green in color, the other light brown to nearly color- 
less. It is extensively altered with the formation of carbonate (calcite ?) 
and chlorite. In places numerous fragments of hornblende occur, 
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separated and completely surrounded by calcite, which extinguish simul- 
taneously under crossed nicols, showing that all of the fragments belong 
to a single crystal which has undergone partial alteration. Much fine- 
grained magnetite is present and occasionally a little pyrite. 


In the chemical analysis, the excess of magnesium over calcium 
indicates that the rock is sedimentary in origin, and this is confirmed by 
the structural relations. Chemical analysis as well as microscopic exam- 
ination shows that weathering has begun to affect the rock even where 
freshest. In comparing the analysis of the freshest material with that of 
the partly decomposed rock, it is seen that the chief changes, aside from 
kaolinization of the feldspars, have been the removal of carbonate and the 
oxidation of much of the ferrous iron to the ferric condition. 


As the light-colored gneiss at this point is nearer to the quartz stringers 
than the darker gneiss, it contains more quartz veinlets and a larger 
amount of pyrite. The rock (Spec. 112-C) is white to light gray in color, 
and distinctly banded, though this feature is not as noticeable as in the 
darker gneiss, because of the lack of contrast in the colors of the principal 
constituents—quartz, sericite, and feldspar. The bands are frequently 
contorted, especially in the vicinity of the quartz stringers and lenses. 
The small veinlets of quartz, ranging up to about 1 cm. in diameter, are 
usually parallel to the banding, but in places cut directly across. Pyrite 
occurs in grains and small lenticular masses elongated parallel to the 
schistosity, is sometimes associated with magnetite, and is more plentiful 
in the vicinity of the quartz veinlets. A little chlorite, occasional pink 
garnets, crushed and elongated parallel to the schistosity, and very rarely 
needles of black hornblende, make up the minor constituents which are 
recognizable in the hand specimen. 

Microscopic study shows that the principal mineral constituents in the 
order of their relative abundance are quartz, sericite, feldspar, chlorite, 
and carbonate (calcite ?). The textural characteristics and mineral com- 
position of the rock are similar to the darker gneiss (112-A) excepting 
that quartz and sericite are more abundant, while biotite and hornblende 
are essentially absent. The minerals, particularly sericite, are largely 
segregated into parallel bands. The feldspars are not so extensively 
kaolinized as in the overlying rock, but appear to be similar in composition. 
They are seldom striated and have an index of refraction only a little below 
quartz, indicating that they are probably near albite-oligoclase in com- 
position. Orthoclase is rare if present, and probably most if not all of the 
potash content is in the form of sericite. An analysis of this rock is given 
in column II of the table on page 124. : 
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Fig. 7.—Sketch showing distribution of vein quartz in light- and dark-colored 
gneisses at the Young American Mine. A, dark-colored gneiss; B, vein quartz; 
C, light-colored gneiss. 


The sketch shown in fig. 7 indicates the appearance of the face in the 
drive running southeast near the bottom of the “Sulphur” incline. The 
location is about 10 feet above the sketch shown in fig. 6, and 18 feet 
southeast. Here the bed of light-colored gneiss is thinner, and the vein 
quartz chiefly distributed in the overlying and underlying gneiss. ‘The 
quartz vein, about a foot wide, shown in the lower left hand corner of the 
sketch, contains chalcopyrite as well as pyrite. Mr. Knutzen, Superin- 
tendent of the Young American mine, states that samples from this 1-foot 
vein yielded from $11.20 to $24.00 gold per ton, and that a picked speci- 
men showing chalcopyrite carried $50.00 per ton. ‘The value of the ore 
in this drive seems to vary greatly within short distances; an average 
sample, obtained from 6 buckets (about 114 tons) after passing through 
the crusher, assayed $8.00, while a similar sample from 4 buckets of ore 


128 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


that were obtained as a result of the next round of blasting gave only $1.00 
per ton. According to Mr. Knutzen the gold content is highest where 
chalcopyrite is found. 

A hand specimen (116) was obtained from this drive showing the two 
varieties of gneiss in contact. The line of contact is quite sharp and is 
parallel to the banding which is slightly contorted. The rock is cut by 
narrow veinlets of quartz commonly parallel to the banding and in places 
showing a tendency to follow the contact between the hght and dark gneiss, 
but which frequently cut directly across the schistosity. A thin section 
was made to show one of these veinlets about 0.5 cm. in width. Under 
the microscope, numerous liquid- and gas-filled cavities can be seen in the 
quartz, usually arranged in rows or planes that occasionally pass without 
interruption from one crystal individual to another. Some of the cavities 
contain bubbles in constant and rapid vibration. ‘The dark variety of 
gneiss, which in the shde forms the walls of the veinlet, is similar to that 
described above. ‘The constituent minerals are quartz, feldspar, biotite, 
hornblende, chlorite, sericite, and calcite, and a little pyrite, magnetite, and 
ilmenite partly altered to leucoxene. A small colorless garnet, showing shght 
anomalous biaxial character, is also present in the slide. In several places 
pyrite occurs, bordered by a narrow rim of magnetite, which was probably 
produced under conditions of partial oxidation. 


The smaller veinlets, especially in the light-colored gneiss, show a 
strong tendency to form lenses, but they are not as perfectly developed as 
those in the “Middle” vein at the Tellurium mine. A photograph of some 
small lenses in lght-colored gneiss from the “Sulphur” shaft is shown 
1) Ege tia 

Pyrite is more plentiful in the lght-colored gneiss than in the dark 
variety, and occurs in elongated grains or broken lines parallel to the 
banding. Some secondary pyrite was noted along joint planes in both the 
vein quartz and the country rock. 

Near the bottom of the “Sulphur” shaft, about 80 feet from the sur- 
face and just above the incline, the quartz vein is 2 feet wide, and the 
dark gray, biotite-sericite gneiss, which forms the foot wall, is heavily 
impregnated with pyrite and contains occasional lenses and veinlets of 
quartz. Mr. Knutzen obtained assays of $3.60 gold per ton from this 
mineralized wall rock, which extends several feet from the vein. 

In Pl. X, fig. 1, is shown a photograph of one of the quartz veinlets 
in contact with the heavily mineralized gneiss. A crystal of light blue 
cyanite 6 mm. wide and 3 cm. long extends from the wall rock out into 
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Fig. 1—Photograph showing cyanite and muscovite in vein quartz from the Young 
American mine. O, cyanite; MM, muscovite; Q, vein quartz; PP, pyrite; G, 
gneiss. 





Fig. 2.—Lenses of vein quartz in gneiss from Young American mine. 


CYANITE AND MUSCOVITE IN QUARTZ, AND QUARTZ LENSES IN GNEISS. 
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the quartz. The vein quartz also contains a little white feldspar, flakes 
of muscovite, and a few specks of chlorite. Calcite occurs in the gneiss 
and is partly concentrated along the contact with the veinlet. Very little 
pyrite is present in the quartz, but it is abundant in the gneiss, where it 
occurs in bands and broken lines parallel to the schistosity, which is much 
folded in the vicinity of the veinlet. Pieces of vein quartz, similar to that 
just described, but containing both cyanite and tourmaline, were found 
on the surface. The cyanite is sparingly distributed through the quartz in 
light blue prismatic crystals 3 to 4 mm. wide and 1.5 cm. long; and the 
tourmaline occurs in black prisms 2 to 3 mm. in diameter, which usually 
radiate in all directions from a common center. LHlsewhere cyanite was 
noted in the metamorphosed wall rock near the veins, but in the specimens 
described above it occurs in detached prisms within the vein quartz itself. 


In the foot-wall, 5 or 6 feet from the vein at the bottom of the 
“Sulphur” shaft, the rock is a dark gray, fine-grained, even-granular 
gneiss, with well-marked banding. It shows no evidence of mineralization, 
pyrite as well as the quartz veinlets being absent. The light-colored bands 
in the rock range up to 2 mm. in width and are composed chiefly of 
feldspar and quartz, though they are not as a rule distinguishable from 
each other in the hand specimen. The dark bands are narrower and con- 
sist essentially of biotite, hornblende, and chlorite. Much magnetite is 
present in small grains, but no garnets were noted. Under the microscope 
the rock is similar to the dark variety of gneiss described on pages 125-126, 
except that feldspar seems to be dominant over quartz, possibly because of 
the absence of silicification by vein-forming solutions. In the order of 
their relative abundance the minerals present are feldspar (probably: 
andesine or oligoclase-andesine), quartz, hornblende, biotite, chlorite, cal- 
cite, and magnetite, with a few scattered grains of zircon and titanite. 
The hornblende occurs in two varieties, one green in color, and the other 
yellowish-brown. ‘The latter, which is subordinate in amount, has parallel 
extinction and is present in long ragged prisms. It is one of the ortho- 
rhombic amphiboles. The other minerals present no unusual character- 
istics. 

The drive connecting the “Sulphur” and “H. V.” shafts exposes an 
offset of 10 to 15 feet in the course of the vein just north of the “Sulphur” 
shaft, the space between being occupied by a zone containing numerous 
lenses and irregular masses of quartz. At the shaft the vein is standing 
nearly vertical. ‘The sketch given in fig. 8 shows the distribution and 
shape of the quartz masses exposed on the east side of the drive about 15 
feet north of the shaft. The country rock here is the dark variety of 
gneiss, and is much folded and contorted. 
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There is another sharp break in the course of the vein near the 
Chittenden shaft where the strike suddenly changes from N. 21° to 
53° E., and at this point there is a similar breaking up of the vein into 
separate lenses and irregular masses. A sketch of the vein, exposed in a 
small opening opposite the Chittenden shaft, is given in fig. 9. The 
distribution of the quartz lenses relative to the average strike and dip of 
the vein suggests that they were formed in a zone of shear faulting. ‘The 
country rock is the dark variety of gneiss which is slightly mineralized in 
the immediate vicinity of the vein. A sample from the hanging wall, 
assayed by the writer, gave 0.03 ounces gold per ton. A 12-ton mill run of 
mineralized gneiss from the foot-wall of the vein, in the main drive about 
40 feet northeast of this place, is said to have averaged $3.60 gold per ton. 


In the “H. V.” shaft, the vein is nearly vertical to a depth of 30 feet, 
at which point it begins to dip toward the southeast and leaves the shaft. 
(See fig. 10.) Where the vein is exposed by the cross-cut from the shaft, 
54 feet below the surface, it is 3 to 6 feet in width, dips at an angle of 40° 
toward the southeast and has a strike of about N. 30° E. The wall rock 
on both sides of the vein is the dark variety of gneiss, much decomposed, 
and showing no evidence of mineralization, but Mr. Knutzen states that a 
sample from the hanging wall assayed $0.50 per ton. The vein quartz is 
irregularly mineralized, containing pyrite, chalcopyrite, and occasionally 
a very little sphalerite. 


The sulphides are strung out in narrow lines or small lenticular masses 
approximately parallel to the walls, and the sphalerite usually occurs 
separate from the other ore minerals instead of being intermixed with 
them. A little white feldspar occurs in some of the quartz, but appears 
to be chiefly confined to the border portions of the vein. Very rarely, 
black tourmaline is present in small radiating prisms, and one specimen 
was found with a speck of free gold about 0.4 mm. in diameter, resting on 
the tourmaline, which is imbedded in quartz and surrounded by a small 
amount of limonite derived from pyrite. Pieces of the vein frequently 
show imperfect crystals of quartz lining joint planes, and several small 
vug-like openings were seen in which the walls were lined in a similar 
manner. It is probable, however, that these openings are due to the 
oxidation and removal of pyrite rather than to spaces that were left un- 
filled when the vein was originally formed. Some of these vug-like spaces 
contain a little pyrite, more or less oxidized, and in places the sulphide has 
a crystal form closely resembling marcasite. Small flakes of chlorite and 
muscovite occur in parts of the vein. 
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The gold is not evenly distributed throughout the vein, much of it being 
apparently concentrated in the sulphides. Mr. Knutzen obtained an assay 
of 5.8 ounces of gold per ton from a piece of the chalcopyrite. A mill run 
made on 8 tons of ore from the vein at this point averaged $3.20 per ton. 

The “H. V.” shaft passes through the bed of light-colored gneiss about 
15 feet below the cross-cut to the vein. At this point it is 3 to 4 feet thick 
and dips towards the southeast 
at an angle of about 25° (see 
fig. 10). "The .rock is’ white 
and highly lustrous on fracture 
surfaces parallel to the cleav- 
age. In addition to the quartz 
and sericite, a little  fine- 
grained pyrite and rarely small 
needle-like prisms of horn- 
blende are sparingly scattered 
through the rock. In thin sec- 
tion (Spec. 506) under the 
microscope, the rock shows 
distinct banding due to the 
partial localization of sericite 
in narrow parallel bands. 
Quartz, the dominant mineral, 
occurs in small rounded grains 
associated with feldspar 
(albite ?), which is usually 
clear and unstriated, though 
mutiple twinning may be seen 
in places. Small cubes of 
pyrite and a very little chlorite 
make up the accessory min- 
30 40 Feet erals. 


The rock exposed in the 

Fig. 10.—Vertical section through “H. V.” }p i : 
: re vc ottom of the shaft is é 

shaft, Young American Mine. V, vein; A, Oh fhe SRA Is aaa 


decomposed gneiss; B, dark-colored gneiss; reenish-gray gneiss in which 
C, light-colored gneiss. the banding is only imper- 
fectly developed. In thin section (Spec. 503),,the minerals identified in 
order of their abundance were hornblende, feldspar, quartz, biotite, chlorite, 
magnetite, and a little carbonate. The hornblende is light green in color. 
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and has rather low interference colors. The cleavage is good but the 
crystals are irregular in outline and contain occasional inclusions of the 
other minerals. Alteration to chlorite is frequently shown. Part of the 
feldspar is twinned after the albite law, but much of it is unstriated and 
difficult to distinguish from quartz, which it closely resembles in refraction 
and birefringence. ‘The biotite is light brown in color and strongly pleo- 
chroic. Angular grains of magnetite are scattered through the slide and 
a little carbonate is present. 

The small amount of carbonate contained in the gneiss just described, 
and its absence in the light-colored variety from the “H. V.” shaft, is in 
marked contrast to its abundance in specimens from other parts of the mine. 
The relative scarcity of carbonate in these rocks may be due to greater 
depth below water level—%5 or 80 feet—or possibly it is to be explained 
by distance from the vein—about 25 or 30 feet. 


In the southwest end of the mine near the “12th of May” shaft the 
vein is 2 inches to 3 feet wide and averages about 14 inches. For some 
distance it splits up into two separate stringers which in places are slightly 
contorted. Slickensides were noted in a number of localities, but the vein 
is little affected by faulting. Radiating prisms of black tourmaline are of 
rare occurrence, being found occasionally in quartz from near the shaft. 
Most of the wall rock in this portion of the mine shows much decomposi- 
tion, but in the floor of the drive 125 feet southwest of the “Sulphur” 
shaft there is a little fresh gneiss exposed on the foot-wall side of the vein. 
The rock (Spec. 118) is white to light greenish-gray in color where fresh, 
but along joint planes it is stained brown from the alteration of iron 
minerals, and in places the stain extends several inches from the fracture 
surface. Quartz and feldspar are the chief minerals with chlorite, horn- 
blende, calcite, biotite, cyanite, and sericite present in smaller quantity. 
Cubes and irregular grains of pyrite are sparingly disseminated through 
the rock, and upon assaying an average sample it yielded 0.01 ounce of 
gold per ton. | | 

Examination under the microscope shows that part of the quartz is 
present in small veinlets, probably as a result of mineralization by the 
vein-forming solutions. Part of the feldspar shows albite twinning, and is 
unquestionably acid plagioclase, but in most cases the twinning is absent 
and identification could not be made with certainty. ‘There probably is 
some orthoclase present, but most of the unstriated feldspar is plagioclase. 
There are large areas in the thin section consisting of intercrystallized cal- 
cite and chlorite, possibly derived from hornblende, but some of the chlorite 
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was clearly formed from biotite. Areas of fine scaly sericite are present, 
some of which contain nuclei of unaltered mineral—probably cyanite. 

The ore seems to occur in shoots that dip steeply toward the left as 
they descend along the vein, but this can not be verified until more develop- 
ment work has been done. One such ore shoot was found near the 
“Sulphur” shaft, and another between the “H. V.” and the Chittenden 
shafts. 

In the adits that were driven under the hill toward the “House” vein 
most of the country rock is soft and decomposed, but at several places 
where the floor of an adit approaches water level, fresh rock is encountered. 
Both the fresh exposures and the residual decay indicate that the rock is 
normally a hornblendic gneiss or schist, essentially the same as the dark 
variety of gneiss found in the underground workings on the “Sulphur” 
vein. In the immediate vicinity of the numerous veinlets and lenses which 
are exposed in the adits and have been worked to a limited extent for gold, 
the country rock exhibits certain important variations from the normal, 
which later will be described in detail. 


The country rock, exposed near the portal of a prospecting tunnel that 
was started on the northwest side of the hill, is almost massive in the hand 
specimen (502), but shows a distinctly schistose structure under the micro- 
scope. Megascopically it is a dark greenish-gray, fine-grained rock, con- 
taining numerous idiomorphic garnets 1 to 2 mm. in diameter, and occa- 
sional rare grains of pyrite. The constituent minerals are amphibole, 
quartz, soda-lime feldspar, chlorite, magnetite, carbonate, a very little 
greenish-brown biotite, and quartz. In thin section most of the amphibole 
is green to bluish-green in color, and probably corresponds to common horn- 
blende, but there are two other varieties present in small amounts. One is 
pleochroic in shades of hght pink and dark greenish-gray, the interference 
colors being blues and greens of the second order, and is monoclinic in 
crystallization; the other is light yellowish-brown in color and ortho- 
rhombic in its crystallization. The latter mineral is present in much of 
the gneiss in this vicinity, but always in very small quantity. Hornblende 
is dominant over the other minerals and usually shows parallel orientation. 
Some of the feldspar (andesine) shows albite twinning, but much of it is 
unstriated and difficult to distinguish from quartz, which it resembles in 
refraction and birefringence. Much of the chlorite shows multiple 
twinning. 

The veinlets and lenses vary from a fraction of an inch in thickness 
up to masses 2 feet wide and 25 feet or more in length. The shape of some 
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of the old openings suggests that even larger lenses may have been removed 
by previous mining operations. The veinlets are exposed in the adits on 
both sides of the hill, but are more plentiful in those that were driven 
from the west side. The larger lenses consist essentially of quartz, with 
pyrite and a little feldspar, the latter being chiefly concentrated near the 
walls though also occurring throughout the mass. In some of the smaller 
veinlets feldspar in places is dominant over quartz. Along fractures in 
the quartz-feldspar rock, much white mica is found in flakes 6 or 7 mm. in 
diameter with no regular orientation. While these crystals are quite large 
and may be primary muscovite, their localization along fractures indicates 
that they are probably secondary, derived from feldspar. Pyrite is very 
unequally distributed, occurring locally in masses several inches across, 
while elsewhere it is present in small quantity only. The larger masses 
seen were extensively altered to limonite. 

Gold occurs in the native state both in the quartz and in pyrite, and 
there may also be a little telluride of gold present since tellurium has been 
detected in the ore. Mr. Knutzen states that the ore seems to be richest 
in gold near the walls of the lenses. The average value of 7634 tons of ore 
obtained from these lenses and veinlets was $4.10. Small grains of visible 
gold ranging up to 1 mm. and over in diameter are occasionally seen. 


A piece of quartz, obtained from one of the lenses, contains embedded 
in it a grain of gold, averaging about 0.75 mm. in diameter, which is in 
contact with a minute speck of some soft cleavable mineral with metallic 
luster—probably tetradymite or sylvanite. Only 3 mm. distant from the 
gold, there is a cavity in the quartz, roughly cubical in shape, and about 
1.5 mm. in diameter, which was filled with tetradymite, and in the latter 
a small crystal of pyrite was embedded. Part of the tetradymite was 
removed and tested for identification. It is tin-white in color, has a high 
metallic luster, perfect basal cleavage with flexible lamine, and is quite 
soft, readily marking paper. Heated before the blowpipe it fuses easily 
and gives an orange-yellow sublimate. Upon gently heating with sulphuric 
acid in a test tube the acid assumes the beautiful reddish-violet color dis- 
tinctive of tellurium. The same specimen of quartz contains a little 
kaolinized feldspar and some dark brown limonite derived from pyrite. 


A thin section (Spec. 498) from one of the quartz-feldspar veinlets was 
examined under the microscope. The quartz individuals range up to 3 
mm. in diameter, contain numerous irregular gas- and fluid-filled cavities, 
usually arranged in long rows, and show slight wavy extinction, but no 
granulation or other evidence of crushing. The feldspars range up to 
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1 cm. or more in diameter, and are easily distinguished from quartz be- 
cause of a slight cloudiness due to partial alteration. Multiple twinning 
after the albite law is sometimes though not always present. ‘I'he average 
index of refraction is a little less than that of quartz, and this together 
with the extinction angle indicates a composition of approximately Ab,An, 
(oligoclase-andesine).* A little sericite occurs in places, usually in clusters 
of curved and radiating scales. The only other minerals noted in the 
slide were a few grains of ilmenite and its alteration product leucoxene. 

The larger lenses appear to be parallel to the strike and dip of the 
country rock, but many of the veinlets cut directly across. In places, as 
shown in fig. 11, small irregular veinlets and lenses run in every con- 
ceivable direction. Where stringers of quartz and feldspar cut across the 
cleavage of the gneiss, smaller veinlets branch off at short intervals and 
run parallel to the schistosity, giving rise to a banded rock which is very 
striking in appearance. | 

Specimens of this rock consist of alternating bands of light and dark 
minerals, ranging up to 1.5 cm. in width, which widen here and narrow 
there, and frequently pinch out entirely. Some of the light-colored bands 
are composed essentially of quartz and feldspar, while others consist largely 
of sericite; and the dark-colored bands are composed chiefly of dark green 
hornblende, with sulphides of iron and magnetite abundant in places. The 
quartz-feldspar bands resemble veinlets, and when the rock is fresh it is 
difficult to distinguish between the two component minerals, as they are 
both white. The rock breaks most readily along the sericite bands and 
there presents a light gray surface on which long, narrow, glstening 
streaks of sericite are plentifully sprinkled. These streaks of sericite 
average about 2 mm. in width and range up to 2 or 3 cm. in length. On 
some of the specimens a little hght blue cyanite can be distinguished, and 
the sericite streaks are probably due to the alteration of that mineral. The 
dark-colored bands when narrow consist of dark green hornblende with a 
sprinkling of magnetite, but some of the wider bands have a narrow border 
of coarsely crystalline hornblende 2 to 3 mm. wide along their contacts 
with the quartz-feldspar veinlets, while their central portions are filled 
with a fine-grained: mixture of carbonate, hornblende, pyrrhotite, pyrite, 
and magnetite. 


aA specimen of this feldspar was submitted to Dr. E. 8S. Larsen, Jr., for accurate 
determination of the maximum and minimum indices of refraction by the immer- 
sion method. His report is as follows: “Oligoclase to andesine. Dominantly 
andesine or oligoclase-andesine. 
A = 1.5389 + 0.003 to 1.544+ 0.003 
YY =1.546+0.003 to 1.553 + 0.003 
Extinction on the rhombic section 124%4° andesine.” 
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em. in length. Tremolite is frequently abundant near the quartz-feldspar 
stringers, sometimes being roughly segregated into bands, but does not 
appear to be an important constituent in the normal country rock. Occa- 
sionally elongated grains of a light brown mineral may be seen, which 
under the microscope were identified as orthorhombic amphibole. 


Microscopic examination of thin sections (Specs. 499, 500, and 501) 
shows that the principal minerals have undergone extensive alteration, 
and it is not always possible to say just how much of this was due to the 
injection of the quartz-feldspar veins and how much is due to weathering. 
The hornblende is pleochroic in shades of light green, blue, and brown, 
and has low interference colors. The tremolite is colorless and shows 
rather high interference colors. In both varieties of amphibole, but espe- 
cially in the hornblende, cleavage is well developed; both are ragged in 
outline and frequently show micropoikilitic texture; and each contains 
occasional inclusions of the other. Both show extensive alteration to car- 
bonates, and chlorite, probably derived from hornblende, is also present. 
The carbonates in places contain small irregular fragments of amphibole, 
which, on rotating the stage, extinguish together, indicating that they 
belong to a single crystal individual. In addition to the monoclinic 
amphiboles there is a small amount of light yellowish-brown orthorhombic 
amphibole present. It occurs in elongated crystals with poor cleavage and 
ragged outlines which only rarely show straight prismatic boundaries. 
Extinction is parallel to the elongation and the refraction and _ bire- 
fringence are moderate. Quartz occurs in clear irregular anhedra which 
sometimes contain numerous liquid and gas inclusions. The feldspars 
usually show fine albite twinning, and some are also twinned according to 
the pericline law, while others show no visible striations. The index of 
refraction averages about the same or slightly higher than quartz, indicat- 
ing that they are chiefly andesine or oligoclase-andesine. Orthoclase is 
rare if present, and has probably been entirely altered to sericite. Some of 
the feldspars show alteration to calcite. Sericite is rare except in light- 
colored bands which are composed almost exclusively of this mineral. It 
occurs in long flakes or scales which usually show good cleavage, and is 
secondary after both cyanite and feldspar. In places a little unaltered 
cyanite can be distinguished in the slides, but it has almost entirely gone 
over to sericite. The iron ores—pyrrhotite, pyrite, and magnetite—are 
plentifully distributed throughout the slide, but are more abundant in the 
areas of dark-colored minerals. The magnetite is frequently idiomorphic, 
and the sulphides in places surround the magnetite. A little biotite, light 
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brown to greenish-brown in color, is occasionally present in small dis- 
seminated flakes. 

In the partly decomposed gneiss exposed by the adits, there are 
numerous slickensided surfaces stained black with manganese, probably in 
the form of wad. Some of these surfaces are very large, covering an area 
of at least several square yards. As a rule they conform in strike and dip 
to the schistosity of the formation, and they are common along the walls 
of the quartz veins. Similar slickensided surfaces occur in the workings 
on the “Sulphur” vein, but they were not found in the lower openings 
where the rock is unaltered by weathering. Because of their localization 
in the weathered material it is believed that these slickensides are due to 
changes in volume resulting from decomposition. 


The Belzoro Mine. 


Location.—The Belzoro mine, consisting of about 374 acres, is located 
6 miles northeast of Columbia and three-quarters of a mile north of 
Lantana. The veins on this tract evidently belong to the same system as 
the “House” vein on the property of the Young American mine (see pp. 
134-139), which adjoins the Belzoro on the northeast. 

History.—Mr. Hamilton states that “the antiquity of the Belzoro mine 
is evident from the fact that crucibles, made by the Indians, or perhaps 
some remoter and unknown tribes, have been found on it, bearing a rude 
resemblance to an acorn cup, and manifestly devoted to the use of melting 
the precious metals,”* but in this belief he is probably mistaken. No 
articles of Indian manufacture made from gold have been found in Vir- 
ginia, and students of the North American Indian are generally agreed 
that he was ignorant of the art of melting metals. The so-called crucibles 
were probably used for some other purpose and doubtless were brought 
from the Indian soapstone quarries 3 miles northeast of this property, 
which are described on pages 170-171. 

Gold was discovered on the Belzoro tract by surface washing in 1832, 
at which time the property belonged to Mr. William Southworth. The 
placer gravels are said to have been very productive, $30,000 having been 
recovered from a limited section known as “Dry Gulch.”® Bed rock was 
1 to 6 feet below the surface and many nuggets weighing from 4 to 7 penny- 
weights were found.° The work of washing gold from the gravels con- 


aHamilton, J. R., The Natural Wealth of Virginia, Harper’s Magazine, 1865, 
vol. xxxii, pp. 32-42. 

bSnell, P. A., From a report on the Belzora mine. 

cHamilton, J. R., Op. cit. 
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tinued with varying success up to 1849, when the property was sold to 
Mr. Geo. Fisher. | 

Several shafts were sunk to depths 30 to 60 feet and many surface 
cuts and pits were opened. A 10-stamp mill was built to treat the ores 
which are said to have yielded as high as $300.00 per day, but all mining 
operations were interrupted by the Civil War. After the close of the war 
a little work was done from time to time, but the mine has remained idle 
since the mill burned some years ago. 


Descriptive geology.—There are no outcrops on the property and very 
little float rock aside from vein quartz can be found. The old workings 
have caved and are now inaccessible, but information obtained elsewhere 
in the vicinity confirms the data collected on the property and indicates 
that the country rock consists of a series of quartzose gneisses and schists 
varying somewhat in composition. A number of large pieces of float were 
found near the branch where it is crossed by the road a short distance 
northeast of the house. This rock is a light gray, slightly banded gneiss 
composed for the most part of quartz, white mica and feldspar, with a little 
dark mica and magnetite. A detailed petrographic description is given 
on page 39. While the rock was not found in place at this point it does 
outcrop beyond the limits of the property in both directions along the strike 
and is probably the dominant rock type in this vicinity. The ferruginous 
quartzite found on the Webb place (see pp. 19-20) also continues on this 
property. ‘lhe veins are said to be enclosed in light-colored quartz-sericite 
schists (the talcose slate described by some of the early writers). 

According to P. A. Snell there are two well-defined veins on the 
property 300 yards apart, one averaging from 2 to 3 feet in width, and 
the other from 3 to 4 feet, while the course of both is northeast and south- 
west and the dip 45° toward the southeast, approximately parallel to the 
strike of the country rock. The two principal veins are paralleled by a large 
number of flat lens-like ore-bodies varying from 1 to 6 inches in width 
which are not continuous for any great distance, but pinch out and start 
in again a little to one side or farther along the strike.” 

‘The ore is described as quartz carrying iron pyrite which is largely 
oxidized near the surface, and on either side of the veins there is said to 
be a narrow selvage of clay and grit (probably kaolin from the decomposi- 
tion of feldspar), which is quite rich in gold, the latter showing plainly 


a8nell, P. A., Op. cit. 
Credner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1868, vol. vi, p. 393. 
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on panning a little of the material. This description indicates a type of 
ore-deposit similar to the lenses that parallel the “House” vein on the 
property of the Young American mine described in detail on pages 134-139. 

These small lenses were worked entirely by open cuts and the ore 
obtained was washed through sluices or rockers to separate the free gold 
in the soft material (kaolin), which varied in value from $2 to $20 per 
ton. After the fine material was washed away the balance consisting of 
coarse quartz was put through the mill to recover the gold that it contained. 

Production.—Mr. Snell believes that about 2,000 to 2,500 tons of ore 
have been milled, this being derived mostly from the two principal veins 
but partly from the open cuts on the small lenticular ore-bodies. The 
property is estimated to have produced from placer gravels and from veins 
a total of not less than $100,000.¢ 


The Collins Mine. 


The Collins mine is situated on the east side of the Belzoro property 
1 mile northeast of Lantana. It was probably the first mine worked for 
gold in this district if not in Virginia. Gold was first found in the branch 
crossing the property, and while the exact date of the discovery is not 
known, it must have been prior to 1830. The Fishers made preparations 
to work the gravels, building dams across the branch and installing rockers, 
but before operations were actually under way they turned the property 
over to Steven Collins and began work on the Busby branch instead. Mr. 
Collins washed the branch gravels successfully for several years, and later 
gold-bearing gravels were found 30 or 40 feet above the branch on the 
north side. Sluice ways were cut from the bottom of the hill and the 
gravel worked by hydraulic mining. Little if any vein-mining was ever 
conducted on the property. 

In addition to the mines described above gold has been reported on a 
number of properties in the vicinity of Lantana, and a little prospecting 
has been done at several places, chiefly for placer gold. On a property 
lying south of the Belzoro mine and formerly known as the Marks mine, 
surface washing was commenced in 1830 by Woodfork and continued for 
some time by various owners. Other placer mines which have been 
operated at various times in this neighborhood were known as the Eades, 
Big Bird, and Laury mines. 


The Morgan Mine. 
The Morgan mine is located just west of the property belonging to the 


Young American mine. The placer gravels on this place were early 


aSnell, P. A., Op. cit. 
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worked for gold and later some vein mining was done. According to 
Credner the main vein is 4 feet wide and a smaller parallel vein in the 
hanging wall was also worked. Before the war, ore was hauled to the 
Belzoro mill and is said to have yielded 70 pennyweights of gold per day, or 
about $3,000 in eight months.* Later a 10-stamp mill was built but the 
size of the tailings pile indicates that little ore was milled. At present 
nothing remains of the mill and the old shafts and pits are completely 
caved. 
The Grannison Mine. 


The Grannison mine is situated on the west side of Camp Branch, a 
mile northwest of Lantana and a mile south of Caledonia. The placer 
gravels were extensively and successfully worked during the period that 
preceded the Civil War, and 3 quartz veins were opened up. One of these 
was worked to some extent by open pits and a shaft 42 feet deep. After 
the war the veins were reopened and a 10-stamp mill built near the branch, 
but at present the mill is in ruins and all of the old workings caved. Most 
of the work seems to have been done a short distance northeast of the mill 
where there is a series of old shafts and pits extending for about 150 yards 
in a direction N. 45° EK. There are several pits located a quarter of a mile 
north, said to have been opened on a smaller vein which was very rich. 


Atmore, Kent, and Other Properties. 


On the Atmore and Kent properties, lying southwest of the Grannison 
mine, several veins have been explored and a little mining done, but all 
of the work has been of a superficial nature. Small veins have been pros- 
pected on a number of other places in this vicinity, but aside from placer 
washing practically no mining has been attempted. Nearly all the gravels 
along Camp Branch and some of the smaller branches that enter it have 
been washed for gold. : 
The Bertha and Edith Mine. 


Location.—The Bertha and Edith mine is situated on the east side of 
Big Byrd Creek in Goochland County, 3 miles northeast of Columbia. 

History.—The placer gravels along the branches were first worked prior 
to the Civil War, and the Maple and Camp branches which flow through 
the property are said to have yielded much gold. In 187%, the Bertha 
and Edith Gold Mining Company bought the mineral rights and began 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, pp. 26-27. 
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development work on the quartz veins. A little later a Fraser and 
Chalmers 20-stamp mill was erected to crush the ore and recover the gold. 
In 1882, the Tagus Mining and Milling Company, which was operating the 
Gilmer (Young American) mine, 4 miles northeast, obtained a lease and 
option on the property and began work. During this lease some hydraulic 
mining was carried on, water being furnished under pressure by a large 
pump and the gravel washed through sluice boxes. Several veins were 
prospected by surface openings but most of the underground development 
was limited to the “Oak Hill” and “Maple Branch” veins. The “Oak Hill” 
vein was explored by an adit 400 feet long, which drained the hill 75 feet 
below the summit and was connected with an upper level on which there 
were 300 feet of drives and cross-cuts.* The “Maple Branch” vein was 
explored by a tunnel, but work had to be stopped on account of bad ground. 

In 1897, the Rivanna Gold Mining Company reopened the “Oak Hill” 
vein and built a cyanide plant to treat the tailings from the stamp mill. 
Milling had scarcely begun before the whole plant was destroyed by fire 
in 1898, and since that date no work has been carried on. While the “Oak 
Hill” vein was being reopened the company prospected the placer gravels 
in the flat near the mouth of Camp Branch and started to work the deposits, 
the method being to first remove the overburden with scrapers and then 
wash the gravel in rockers, but this was discontinued when the mill burned. 
At the present time the shafts are partly caved and all the underground 
workings are inaccessible. 

Description of veins and country rock.—The country rock in which the 
veins are located consists chiefly of schists and gneisses of sedimentary 
origin, and their contact with hornblendic border facies of the granite is 
only about half a mile southeast of the “Oak Hill” vein. The dominant 
rock in the sedimentary series is a medium-grained gneiss composed essen- 
tially of quartz, sericite, and feldspar in the order named, with a little 
biotite and a few grains of magnetite. This is the only rock outcropping 
on the property excepting along the bluffs that border Big Byrd Creek 
where quartz-sericite schists and hornblende schists occur in places. 

The “Oak Hill” vein varies up to 6 feet in width and is said to have 
averaged about 3 feet. Ore found on the dump consists of ordinary vein 
quartz containing considerable fine-grained pyrite, which is partly oxidized 
to limonite, and on crushing and panning it shows fine grains and scales 
of free gold. Some of the pieces show a little white mica and kaolin un- 


aHotchkiss, Jed., Virginia Minerals for the New Orleans Exposition, The Vir- 
ginias, 1884, vol. v, p. 166. 
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doubtedly derived from feldspar. A little magnetite is occasionally present. 
The ore from this vein is said to have averaged a little over $5.00 per ton. 
The “Maple Branch” vein has a northeast-southwest strike and is said to 
be much narrower but richer in gold than the “Oak Hill” vein. Miners, 
who worked on the property when the openings were made, state that this 
vein carried a large amount of white kaolin. The “House” vein, situated 
about a quarter of a mile northwest of the other two, has been worked to 
a limited extent, but nothing definite could be learned concerning it. 
Float rock picked up on the surface assayed as much as $32.75 per ton. 
There are some placer gravels remaining on the property that have never 
been worked (see pages 239-240). 


The Pryor Tract. 


The Pryor property is located 1144 miles southeast of Tabscott and lies 
south of the Busby mine. The placer gravels along Busby Branch, which 
crosses this property, were worked soon after the first discovery of gold in 
the district. Recently several small shafts have been sunk on the property 
in the hope of locating the “Waller” vein, but, so far as is known, nothing 
of value was found. 

The Moss Mine. 


Location.—The Moss mine is located on the south side of the Columbia- 
Tabscott road, about 8 miles northeast of Columbia and 114 miles south- 
west of Tabscott. 

History.—The Moss vein, on which most of the work has been done, is 
said to have been discovered in 1835 by John Moss.? Prof. Silliman,? 
reporting on the property in 1836, found the mine developed by two incline 
shafts sunk on the vein; one measuring 31 feet along the slant and having 
a vertical depth of 25 feet, while the other was 50 feet deep, though the 
lower 20 feet was inaccessible at the time of his visit. The two shafts 
were connected by an adit 70 feet in length and the vein was exposed 
throughout the length of these workings. Measurements taken at intervals 
along the vein ranged from 16 to 30 inches in width and averaged about 
24 inches. The inclination, about 45° toward the southeast, and the strike, 
about north by east and south by west, were conformable with the strati- 
fication of the inclosing slaty rocks. A sample was taken by knocking off 
pieces of ore at intervals of 12 feet along the vein and this, after being 


aNitze, H. B. C., and Wilkins, H. A. J., Gold Mining in North Carolina and 
Adjacent South Appalachian Regions, Bull. 10, N. C. Geol. Survey, 1897, p. 75. 
bSilliman, B., Remarks on Some of the Gold Mines and on Parts of the Gold 
Region of Virginia, Amer. Jour. Sci., 1837, vol. xxxii, pp. 98-130. 
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broken down and subdivided to give a final sample of 9 pounds, was washed 
and amalgamated; the button of gold recovered in this manner weighed 
11 grains, giving the ore a value of about $105 per ton. In another trial 
Prof. Silliman obtained 6 grains of gold from 314 pounds of powdered 
rock in which no gold was visible, and in a third experiment two pounds 
of ore yielded 5 grains of gold. 

Credner states that the Moss mine was worked from 1836 to 1838 by a 
company (The Richmond Mining Co.) whose shares rose in a year’s time 
from $5 to $300, but fell as quickly to nothing.% 

The mine was reopened in 1891 and tests made on the ore with a 
3-stamp prospecting mill,? and during 1904 the property was operated 
under lease by the Telluric Gold Mining Company.° At this time the 
mine was developed by 2 main shafts, known as No. 1 and No. 2. The 
No. 1 shaft was sunk on an incline to a depth of 118 feet, and levels run 
east and west a total distance of 285 feet in ore milling $15 per ton. In 
the west level a small shoot was encountered which averaged $150 per ton 
in gold, and 40: ounces in silver. The No. 2 shaft was carried to a depth 
of 130 feet and levels driven 60 feet east and west. along the vein, the ore 
developed milling $14.40 per ton. A 3-stamp battery was added, giving 
the mill a total of 6 stamps. Regular assays of tailings indicated an 
average of $2.00 per ton. 

Descriptive geology——The vein is said to consist of laminated quartz 
lying in more or less lenticular masses between walls of micaceous slate. 
Pieces of the ore examined by the writer are in the form of thin plates 0.5 
to 1 inch thick, and broken along joint planes spaced 5 to 9 inches apart. 
Coarse gold, in grains about 0.5 mm. in diameter, is sprinkled along the 
surfaces of the lamine, a little pyrite mostly altered to limonite is present, 
while flakes of white mica and considerable kaolin, probably derived from 
feldspar, were also noted. Black tourmaline is said to have been common 
in some of the ore and prisms of this mineral were found in a number of 
pieces of float on the surface. 

Specimens found on the shaft dumps indicate that the wall rock is a dark 
gray schist with slaty cleavage, composed for the most part of fine-grained 
quartz and biotite, varying somewhat in their relative proportions but with 
the quartz always largely in excess. A few small black needle-like prisms 


aCredner, H., Report of. Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 27. 

bEng. and Mng. Jour., 1901, vol. lii, p. 108. 

cF¥roehling and Robertson, A Hand-Book on the Minerals and Mineral Resources 
of Virginia, 1904, pp. 51-52. 
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of tourmaline or hornblende are also present. The soft running ground 
which is reported to have given much trouble in shaft sinking, was probably 
due to disintegrated schist of this character saturated with water. 

Pieces of hornblende schist were also found on one of the dumps. This 
is a greenish-gray, medium-grained rock composed of dark green horn- 
blende in crystals ranging up to 2 or 3 mm. in diameter, fine-grained, 
white quartz and feldspar, and numerous pink garnets, usually less than 
1 mm. in diameter. In thin section under the microscope the hornblende 
is light green in color, very ragged in outline, and micropoikilitic from 
numerous inclusions of quartz and feldspar. Quartz, the second mineral 
in relative abundance, frequently contains inclusions of broken zircons, and 
gas- and liquid-filled cavities. The feldspar is plagioclase, probably 
andesine, and in places shows albite twinning though this is usually absent. 
The large, light pink garnets which are plentiful in the slide are often 
ragged in outline and contain many included quartz grains. Chlorite, 
partly derived from garnet but mostly from the hornblende, is present in 
light green flakes. A very little biotite, scattered grains of magnetite, and 
some pyrite, partly altered to limonite, make up the minor accessories. 
In the absence of a chemical analysis or data bearing on the structural 
relations of this rock it is impossible to state whether it is igneous or sedi- 
mentary in origin, but the writer is inclined to the latter alternative. 

An old shaft, partly caved, which is located close to the county road is 
said to have been sunk to cut the Hodges vein. Partly decomposed garnet- 
iferous mica schist is exposed on the dump. 


The Busby Mine. 


The Busby mine lies 814 miles northeast of Columbia and 1 mile 
southwest of Tabscott, joining with both the Moss and Bowles properties. 
It was one of the first gold mines in the State to be worked, the placer 
gravels on Busby Branch having been washed by the Fishers as early as 
1829 or 1830. In working up the branch, the Busby vein was discovered, 
and then a small wooden stamp mill run by horse-power was put up by 
the Fishers and D. W. K. Bowles. 

In 1836, when Prof. Silliman® visited the district to report on the 
Moss and Busby mines, they were being developed by the Richmond 
Mining Company. A shaft had been sunk to a depth of 57 feet with the 


aSilliman, B., Remarks on Some of the Gold Mines, and on Parts of the Gold 
Region of Virginia, founded on personal observations made in the months of August 
and September, 1836, Amer. Jour. Sci., 1837, vol. xxxii, pp. 98-130. 
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expectation of striking the vein at 70 feet, the vein having first been 
proved by 4 prospecting pits 20 to 26 feet in depth. These openings showed 
the vein to be from 12 to 30 inches wide, averaging 15 to 18 inches. The 
vein quartz, as described by Prof. Silliman, has a coarsely granular texture 
with a strong resemblance to coarse lump sugar, much of it being white 
and apparently free from all foreign matter other than the inherent gold. 
A 6-pound sample picked at random from a large pile was crushed, washed, 
and the gold amalgamated with mercury; upon retorting it yielded 6 
grains of gold worth 44 cents per grain. This is equivalent to over $81 
per ton. A picked sample containing small points of visible metallic gold, 
when treated in the same way, yielded 6 grains of gold from 2 pounds of 
ore, or about $250 per ton. 

Notwithstanding the reported value of the ore, comparatively little 
mining seems to have been carried out on the property, and when it was 
visited by Credner in 1865 the mill was in ruins.“ He states that the 
continuation of the Moss vein was exposed by 4 shafts the first and last 
of which were one mile apart. 

When visited by the writer in 1910 the shafts had caved so that few 
observations could be made. Several old pits are located about 50 yards 
north of the Columbia-Tabscott road and in line of strike with the 
Tellurium vein system. On the dump of one of these openings pieces of 
quartzite were found identical in appearance with the material from the 
“Big Sandstone” vein, but whether it has been mineralized at this point 
or not, could not be determined. About 100 yards south of the road a 
small pit had been sunk, apparently on a ferruginous quartzite similar to 
that known as the “Hodges” vein at the Scotia mine. 


The Payne Tract. 


The Payne tract is located on the south side of the county road half a 
mile southeast of Tabscott. It adjoins the Busby mine and was formerly 
a part of that property. There are a number of old surface cuts and caved 
shafts which extend in a line running about N. 58° E. A large pile of mill 
tailings a short distance below the openings indicates the site of the old 
mill of which no other trace remains. The mill that Credner found in 
ruins when he visited the Busby mine was probably located at this point. 
In 1911 an attempt was being made to reopen one of the old shafts. 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. of Mng., 1869, vol. vii, p. 27. 
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The Waller Mine. 


Location—The Waller mine is situated in Goochland County half a 
_ mile southeast of Tabscott and about 10 miles northeast of Columbia, the 
nearest railroad station. 

History—The Waller mine was discovered in 1831, and during that 
year Cole and Woolfork carried on surface washings for several months. 
Veins were discovered by Moss in 1832, and a vein 6 feet thick is said to 
have been opened by the Fishers and worked until the land was purchased 
by Wm. K. Smith. Later it was sold to Richards, of New York, who 
worked the mine 12 months and then sold it to an English company for 
a large sum. After two years, during which it is said to have been badly 
managed, the property was divided and sold in two parts. Since that 
time only the western part of the old estate has been known as the Waller 
mine. In 1865, Turner, Hughes & Co. sank a shaft and did some develop- 
ment work, but since that date nothing has been done, aside from 30 days’ 
work in 1876, until the present company began operations in 1910.% During 
the latter year a shaft was sunk to a depth of 72 feet and two cross-cuts 
driven northwest at depths of 45 and 60 feet, respectively. A small vein, 
said to be the Waller vein, was encountered in the 60-foot cross-cut, but 
the drive which was started southeast along the vein soon ran into old 
workings. Another shaft was started in 1911 to strike the vein at greater 
depth, but when the property was visited in the summer of that year the 
vein had not been reached. A small mill is said to have been operated 
on the property in the early days but no trace of it remains to-day. Before 
the property was divided, veins belonging to the Tellurium system which 
crossed the northwestern portion of the property were also developed to 
some extent. 

Descriptiwe geology.—The mine is situated in an area of schists and 
quartzites not far from their contact with the hornblendic border facies 
of the granite, which is found outcropping a short distance southwest of 
the property. Because of lack of exposures it is not possible to accurately 
locate the contact at this point, but many pieces of hornblende schist were 
found on the surface within less than 200 yards southwest of the vein. 
About a quarter of a mile northeast of the vein a small pit was sunk in 
prospecting for iron. ‘The material encountered seems to have been a 
ferruginous quartzite similar to that found elsewhere in the district. 
About half a mile northwest of the mine occurs the same series of quartzites 
and schists found at the Tellurium mine. 


aMost of the facts stated above were taken from “The Natural Wealth of 
Virginia,” by J. R. Hamilton, Harper's Magazine, 1865, vol. xxxii, pp. 32-42. 
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The strike of the Waller vein at the surface, as indicated by the old 
open cuts and caved stopes which extend for about 300 yards along the 
outcrop, is N. 58° E. When the mine was examined by the writer, the 
vein was exposed for a distance of only 25 feet along the strike at a depth 
of 60 feet below the surface. At this point the dip was about 40° toward 
the southeast and the strike N. 60° E. The width of the vein where it 
could be measured ranged from 4 inches down to less than an inch, and 
was composed for the most part of quartz, feldspar, more or less kaolinized, 
and a little limonite resulting from the alteration of pyrite. The relative 
proportions of these constituents varied greatly; where widest the vein 
consisted almost entirely of white vitreous quartz, but in most places 
feldspar was abundant, and in some of the narrower portions was dominant. 
The limonite was commonly mixed with kaolin and quartz to give an 
earthy, yellowish-brown material, which often contained much coarse gold. 

The textural relations of the quartz and feldspar are similar to those 
of a typical pegmatite and in places there is a suggestion of graphic inter- 
growths. The feldspar individuals range up to 1 cm. or more in diameter, 
and in the wider portions of the vein are more or less concentrated near 
the walls. The gold when visible occurs in irregular grains and rough 
wire-like masses, some of which measures 3 mm. in length, and is usually 
associated with decomposed earthy material heavily stained with limonite. 
Specks of gold may occasionally be seen in feldspar and clear, unstained 
quartz, and more rarely in the wall rock close to the vein. 

Microscopic examination of the vein rock in thin section (Spec. 217) 
shows no accessory minerals other than a little sericite derived from the 
feldspars. The quartz is nearly free from optical distortion and contains 
numerous gas- and liquid-filled cavities. These cavities occur partly in 
irregular branching and interlaced forms, and partly in smaller spherical 
and elliptical shapes which are usually grouped in rows and planes. In 
places the inclusions are so small and plentiful as to give the quartz a 
clouded appearance even under a magnification of 200 diameters. ‘The 
feldspars are extensively kaolinized and show some alteration to sericite, 
but apparently consist entirely of acid plagioclase (albite-oligoclase to 
oligoclase).* Twinning after the albite law is common, though much of 


aDr. E. 8. Larsen, Jr., using the immersion method, determined these feldspars 
to be albite-oligoclase to oligoclase and states that the fresher crystals appear to 
be oligoclase. The indices of refraction as determined by him are: 
Y= 1.535 + 0.003 to 1.538 + 0.003 
T= 1.543 2 0.003. to 1. 547 = 0.003 
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the feldspar is unstriated. A photomicrograph of some of the striated 
feldspar is shown in Pl. VIII, fig. 2. The narrow veinlet crossing the 
feldspar is composed of quartz. 

The wall rock is fine-grained and badly decomposed, so that it is very 
difficult to obtain specimens fresh enough for identification. The rock 
exposed on the hanging wall side of the vein is dark blue in color and 
consists essentially of quartz and magnetite in grains that are too small 
for sight determination. For a distance of 3 feet or more from the vein 
there are numerous veinlets composed of quartz and feldspar, which range 
from an inch or more in thickness down to threads and lenses microscopic 
in size, and which are approximately parallel to the main vein. Limonite 
and iron-stained cavities due to the oxidation of pyrite occur in places, 
and there is probably some gold, for these veinlets appear to be essentially 
the same as the vein in which gold was identified. Small flakes of biotite 
usually occur along the contact between the veinlets and the country rock, 
and the mica is plentiful along both walls of the principal vein. The rock 
on the foot-wall side was not as well exposed. Where it could be examined 
it was much weathered, but appeared to consist of biotite, kaolinized 
feldspar, and quartz. Pieces of rock from the hanging wall sometimes 
contain small, light brown crystals, often radiating, which resemble silli- 
manite, but are too small and too much decomposed for positive identifi- 
cation. 


A thin section (Spec. 219) of the hanging wall rock was also examined 
under the microscope. It is schistose in structure and consists of a fine- 
grained ground-mass of quartz, magnetite, and a little feldspar, in which 
there are numerous small irregular lenses and veinlets composed of coarser 
grained quartz and feldspar. The quartz grains in the ground-mass show 
wavy extinction, the magnetite is present in idiomorphic grains, and the 
feldspar, which seems to be chiefly acid plagioclase, is more or less 
kaolinized. The quartz in the lenses shows no optical distortion, and fre- 
quently contains numerous small fluid-filled cavities. Many of these 
cavities contain rapidly vibrating bubbles. A little zircon and titanite are 
also present as inclusions in the quartz. Feldspar is not very plentiful, 
and is chiefly concentrated along the border portions and at points where 
the lenses pinch out. Most of the feldspar crystals show Carlsbad twinning 
and are probably orthoclase, but a little acid plagioclase is also present. 
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On the surface near one of the old openings pieces of vein rock were 
found which consist of intercrystallized quartz and calcite. The calcite 
is coarsely crystalline, has curved cleavage surfaces, and contains much 
iron and a little magnesium. Dark green hornblende partly altered to 
chlorite and a little pyrrhotite are also present in the calcite and along its 
margins. Other pieces of rock on the old dump have a banded structure 
and are composed of alternating layers in which the dominant minerals 
are, respectively, coarsely crystalline, dark green hornblende and white 
finer-grained calcite. Lenses of quartz occur in places and there is a little 
pyrrhotite and some pyrite present. 


The Fleming Mine. 


Location.—The Fleming mine is situated in Goochland County about a 
mile northeast of Tabscott and on the southeast side of the county road. 

History and description.—The placer gravels on this property are said 
to have been washed during the early days of gold mining in the district. 
Underground work was started by General Cook in 1846 and a 6-stamp 
mill operated by him is said to have yielded on occasions as much as $200 
per day. This success, however, was short-lived as the vein was soon lost. 
At this time two shafts were sunk to depths of 60 and 35 feet, respectively. 
During its early history the property was known as Hodge’s mine, but in 
1848 it was sold to the L’Aigle d’Or Company of New York.* Little 
development work was attempted until after the Civil War, when the mine 
was reopened by several small shafts, and since that time it has been known 
as the Fleming mine. 

When the property was visited in 1910 all of the openings were in- 
accessible; a series of old pits and shafts was seen extending in a direction 
N. 60° E. for about 150 yards, and in one of the shafts decomposed schists 
were exposed having a strike of N. 61° E. and a dip of 45° toward the 
southeast. A few pieces of vein quartz were found on the dump, but thev 
showed little evidence of mineralization. 


Shannon Hill. 


Shannon Hill is the most northeasterly point within the area where 
gold has been found. Some prospecting was carried on here years ago, 


uCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 26. 
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but nothing further seems to have been done. Credner examined the 
property in 1865 and states that a lode, 1 to 3 feet wide and paralleled 
by two smaller veins, was exposed by surface pits. The strike is given 
as N. N. E. and the dip 40° to the east. The veins are said to consist 
of white translucent tabular quartz with a great deal of earthy oxide 
of iron and some gold. Garnetiferous mica schist outcrops in the road at 
Shannon Hill, having a strike of N. 45° E. and a dip of about 45° south- 
east. While considerably decomposed it is apparently similar to the wall 
rock at the Tellurium mine and probably represents the same formation. 
Placer gravels were washed on this property before the Civil War and 
considerable gold is said to have been recovered. 


The Benton Mine. 


Location.—The Benton mine is located in Goochland County about 
three-quarters of a mile northeast of Tabscott and on the northwest side of 
the county road. 

Description.—This property was explored by a shaft, now inaccessible, 
and the size of the dump indicates that it reached a considerable depth. 
The country rock found on the dump is a garnetiferous schist similar to 
the wall rock at the Tellurium mine, and pieces of vein quartz were seen 
that contained a little kaolinized feldspar and some white mica. The 
property is in direct line of strike with the Tellurium system of veins, and 
this fact together with the material found on the dump indicates that the 
vein is similar in its general characteristics to those deseribed under that 
mine. ‘There is a number of old pits and caved shafts between this point 
and Tabscott, which were probably sunk in prospecting the same vein or 
others belonging to this system, but the openings are so old that the 
material on the dumps has completely disintegrated, and therefore no 
definite information could be obtained concerning the exposures. A few 
pieces of massive diorite, evidently derived from some dike, were found on 
the surface. The rock is described in detail on page 85. 


The Tellurium Mine. 


Location.—The ‘Tellurium mine, located 714 miles northeast of 
Columbia and 214 miles southwest of Tabscott, lies partly in Fluvanna 
and partly in Goochland counties. 


Ou 
Oo 
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History and description.—lt was one of the first properties in Virginia 
on which vein mining for gold was attempted, and its history differs from 
that of most mines in this section in that the veins were discovered and 
worked before the placer gravels. The first discovery on the place was 
made in 1832 by G. W. Fisher while hunting, and in 1834 the property 
was leased from its owner, Mr. Hughes, by Geo. Fisher, his two sons, 
G. W. and J. A. Fisher, and Judge D. W. K. Bowles. 

At first the ore was raised and crushed by hand, and the gold separated 
from its gangue by washing in a box. The crushing was carried on in 
wooden mortars lined with iron, the heavy pestles being attached to sweeps 
which were likewise operated by hand. Later an arrastra driven by horse- 
power was installed, and finally a small stamp mill was built on the branch 
about one mile below the mine. This was probably the first stamp mill, 
or “pounding mill” as they were originally called, to be erected in this 
country, and it is supposed that the innovation was derived from Europe. 
According to Nitze and Wilkins,” a 6-stamp mill was in operation at the 
Tellurium mine as early as 1836. The ore was crushed on an iron die 
plate by 50-pound wooden stamps with iron shoes; the stamp stems were 
square and did not revolve as in later mills, for the cams worked in slots 
cut into the stems. 

The mine was in continuous and profitable operation for 14 years 
under the Fisher-Bowles lease, and during that period the work was con- 
fined to the “Little” and “Middle” veins which are said to have been the 
richest, but very little authentic information regarding the production or 
the value and character of the ore is obtainable at this date. The “Little” 
vein is said to have averaged less than a foot in width and the deepest 
workings were only 65 feet, though as a rule the vein pinched out before 
this depth was reached. According to G. W. Fisher 100 pounds by weight 
of the richest ore ever obtained from this vein, on crushing and washing, 
yielded 210 pennyweight of gold.2 The “Middle” vein is said to have 
averaged 114 to 2 feet in width but the ore was not so rich as the “Little” 
vein. 

_ Dr. Gray, in a letter to Dr. Thomas Pollard, gives the average value of 
the ore obtained from the two veins during this 14-year period as $100 per 
ton.© Prof. B. Silliman visited “Fisher’s or Hughes’ mine,” as the property 


aNitze, H. B. C., and Wilkins, H. A. J., Gold Mining in North Carolina and 
Adjacent South Appalachian Regions, Bull. 10, N. C. Geol. Survey, 1897, p. 35. 
bStatement made to the writer by R. H. Fisher, nephew of G. W. Fisher. 
eHotchkiss, Jed., The Tellurium Mine and Virginia Gold Mining, The Virginias, 
1881, vol. ii, p. 85. 
Pollard, Thomas, The Gold Belt of Virginia in “Gold, Its Occurrence and 
Extraction,” by A. G. Locke, New York, 1882, pp. 182-190. 
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was variously called at that time, in 1837, and quotes Mr. Fisher as saying, 
that the average value of the ore was $3.15 for every 100 pounds, while 
the cost did not exceed 30 to 35 cents per hundred pounds.* According 
to local report, the lessees paid a royalty of 10 per cent. of the gold re- 
covered, and during the period of the lease Mr. Hughes received as his 
share $13,000 or $15,000, the accounts differing as to the exact amount, 
making a total production of $130,000 or $150,000. 

In 1848, the property was bought by Commodore R. F. Stockton, who 
erected a 40-stamp mill and proceeded to work the mine on a larger scale. 
His operations extended over a period of about 9 years, and then the mill 
was burned to the ground. The “Middle” and “Little” veins were worked 
to a limited extent, but most of the mining was confined to the so-called 
“Big Sandstone” vein, which averaged about 3 feet in width and in places 
reached 6 feet or more. The deepest shaft was sunk in the hanging wall 
about 300 feet from the outcrop and is reported to have reached a depth 
of 136 feet, but the other openings would not average 45 feet, and practi- 
cally all of the ore came from above the water level. Starting from a small 
branch that crosses the outcrop, a tunnel was driven along the vein, and 
nearly all the stoping was above this level. These old workings are now 
mostly caved, but they can be traced across the property on the surface 
for a distance of about 1,500 feet along the strike. 

Many remarkable tales cluster about the name of Commodore Stockton 
and the fortunes said to have been made by him in Virginia gold mines, 
but few of these can be verified. Estimates of the gold extracted by him 
from the Tellurium veins vary from $75,000 to over $1,000,000, but the 
lower figure is probably more nearly correct. 

After the mill had burned the property was sold and no further work 
was carried on until after the war. Since that time there have been 
spasmodic attempts to reopen the mine, but none seem to have been 
attended with any great degree of success. About the year 1880, a 10- 
stamp mill with amalgamated copper plates was built, and for a short 
time the mine was operated under lease. Most of the ore mined at this 
time was taken from the “Big Sandstone” vein. A few years later the 
stamp mill was pulled down and replaced by some kind of a revolving mill, 
which was used to treat ores from the “Gold Hill” veins on the Bowles 
tract, adjoining the Tellurium on the northeast. About the year 1890, two 
Tremain steam stamps were installed on the property, but they were never 
used to any extent. 


aSilliman, B., Remarks on Some of the Gold Mines, and on Parts of the Gold 
Region of Virginia, Amer. Jour. Sci., vol. xxxii, pp. 98-130. 
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The last work done on the property was in 1909-1910, when the Argus 
Gold Mining Corporation cleaned out part of the old workings on the 
“Big Sandstone” and “Middle” veins, and sank a 3-compartment incline 
shaft on the “Big Sandstone” to a depth of about 90 feet measured along 
the dip. Drives were started in either direction along the strike of the 
vein, but had only progressed a few feet when the mine was closed down. 
One of the old Tremain stamps was set up again and used in testing a few 
tons of ore from the “Middle” and “Big Sandstone” veins. 

Present underground development.—When the property was examined 
by the writer in the summer of 1910, the “Big Sandstone” vein was exposed 
by the new 90-foot incline with short drives at the bottom, and by an old 
drain tunnel which had been reopened for a distance of 90 yards along the 
vein, and which connected with a shallow incline. The “Middle” vein was 
exposed by an incline shaft 50 feet deep and about 125 feet of drives along 
the vein, all above water level. A little stoping had been done on the latter 
vein. While there has been a number of other shafts and openings made 
at various times, they are not now accessible. 


The Tellurium Vein System. 


Introduction.—The geological descriptions given below will suffice for 
all properties located along the line of the Tellurium vein system, and 
under each mine only such details will be referred to as are not 
mentioned in the description of the system as a whole. The Tellurium 
system of veins has been developed almost continuously for a distance 
of a mile, and prospected at short intervals for 5 miles or more along its 
line of strike. The greatest amount of development work, however, has 
been done at the Tellurium and Bowles mines. ‘The only openings 
accessible, when the area was studied by the writer, were located on the 
adjoining properties of the Tellurium and Scotia mines; and therefore 
the detailed geological descriptions will be limited to these two properties ; 
but everything that could be learned concerning development work done 
elsewhere along the belt, indicates that the general structural relations 
are everywhere the same, though the veins have proved profitable in only 
a limited number of localities. 

General description of veins and country rock.—The veins belonging 
to the Tellurium system are situated in a series of fine-grained quartz- 
mica schists, usually garnetiferous, interbedded with fine-grained, even- 
granular quartzites, some of which contain much hematite and magnetite. 
All the gold-bearing veins observed occur either in quartzite beds, which 
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are very narrow, or in the schists close to them. ‘This series of sedi- 
mentaries is bounded on the northeast by a fine-grained granite, which 
in places, especially near its borders, contains areas of hornblende schist. 
Exposures are very rare except where openings have been made in pros- 
pecting for veins, so it is not possible to trace the exact boundaries of the 
granite area, but its field relations, the lack of schistosity in most places, 
and the extensive metamorphism exhibited by the schists in the vicinity, 
indicate that it is later in origin than the sedimentaries. The granite is 
exposed within less than half a mile of the Tellurium veins and probably 
comes much closer. Specimens found on one of the old dumps at the 
Tellurium indicate that there are probably apophyses from the granite, 
if not the main mass itself, within a few yards of the veins, and this 
hypothesis is supported by the extreme metamorphism of the rocks at the 
few places where they are exposed on the northeast side of the veins. 


The veins which have received the greatest amount of attention on the 
Tellurium property are known as the “Big Sandstone,” and “Middle,” and 
the “Little” veins. In addition to these the “Hodges” vein on the Scotia 
property and several other veins belonging to the system have been pros- 
pected to a limited extent. 

The so-called “Big Sandstone” vein consists of a bed of quartzite 2 to 
6 feet thick, cut in places by irregular gold-bearing veinlets, composed 
essentially of quartz with more or less feldspar and a little pyrite. (See 
fig. 12.) The veinlets range up to about 1 foot in width, and in their 
vicinity the quartzite is often impregnated with a very small amount of 
pyrite, chiefly along bedding planes, and carries a little gold. This bed of 
quartzite is remarkably uniform wherever it has been observed, and 
apparently extends continuously for a distance of 3 miles and possibly 
farther, but it is probably gold-bearing only in places and where it has 
been mineralized by the vein-forming solutions. It has an average strike 
of N. 64° E. and dips at an angle of about 45° toward the southeast. 


The outcrop of the “Middle” vein is parallel to the “Big Sandstone” 
and located about 30 feet southeast, dipping in the same direction at an 
angle of 43°. Where exposed it consists of a series of lenses varying from 
3 feet down to a knife edge in thickness, and is composed of quartz with 
variable amounts of feldspar, pyrite, largely oxidized to limonite, and a 
little gold. The lenses ‘are enclosed by a thinly foliated, garnetiferous 
schist the folia of which conform to the flexures of the vein. (See fig. 
13.) 

The “Little” vein, which is not at present exposed, is said to parallel 
the “Middle” vein at a distance of 20 feet to the southeast. Descriptions 
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indicate that it is similar in character to the “Middle” vein but narrower, 
averaging less than a foot in width, and richer in gold. ‘The deepest 
workings on the “Little” vein are said to have attained about 65 feet from 
the surface, but it usually pinched out before that depth was reached. 

A vein known as the “West” vein is exposed by a shaft 40 yards north- 
west of the “Big Sandstone” vein at the Tellurium. Where exposed it 
has a strike of N. 27° E., a dip of 80° to the east, and is about a foot 
wide. Quartz found on the dump yielded colors of free gold on panning. 
The nonconformity of this vein in strike and dip with the other veins of 
the Tellurium system, suggests that it may belong to the Gold Hill system 
described on pages 176-179, but the shaft was partly caved and the vein 
and wall rock could not be examined closely. 

The so-called “Hodges” vein, developed to some extent on the Scotia 
property, is a lenticular bed of ferruginous quartzite, which narrows from 
a width of over 6 feet to a fraction of an inch within a distance of only 
40 feet. The quartzite is cut by a few small stringers of gold-bearing 
quartz, which have mineralized the enclosing rock to a limited degree. 
While this quartzite pinches out and is not continuous in its course, as is 
true of the “Big Sandstone” bed, pieces of float similar in every way are 
plentiful at several points in approximate alignment with one another in a 
northeast-southwest direction. 

At a number of localities on the Scotia, Tellurium, and other properties 
along the course of the Tellurium vein system, there are bold outcrops of 
large veins, consisting of massive white quartz carrying a small amount 
of kaolinized feldspar. Some of these veins are 10 to 20 feet wide and 
can be traced for several hundred feet along the strike. They are reported 
to carry traces of gold but none of them have been worked. 

The wonderful uniformity and persistence of the bed of quartzite, 
known as the “Big Sandstone” vein, and hitherto regarded as a true vein, 
has given rise to a mistaken idea concerning the continuity of the veins in 
this district. The “Little” vein and the “Middle” vein and even the gold- 
bearing stringers in the “Big Sandstone” vein itself, are not continuous 
for great distances, though it is probable that sections across the vein 
system, at two or more points, would intersect approximately the same 
number of veins; for while the veins frequently pinch out, they may be re- 
placed by others a little to one side or farther along the line of strike. 

Detailed descriptions of veins and wall rock.—The sketch given in fig. 
12 shows the appearance and structural relations of the “Big Sandstone” 
vein in the northeast drive from the bottom of the new incline shaft at 
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the Tellurium mine, which is about 65 feet from the surface; and this 
occurrence is typical of the vein wherever it could be observed. Here the 
quartzite bed is 6 feet thick, and distinctly laminated parallel to the 
bedding, the laminz being disturbed in places where the quartz veinlets 
cut across them. At the top of the bed the quartzite grades into a fine- 
grained quartz-sericite schist, and finally into the garnetiferous schist 
which forms the foot-wall of the “Middle” vein; but at the bottom the 
contact with the underlying rock is sharp and well defined. Below the 
quartzite there is a bed 4 to 5 inches thick, consisting for the most part 
of biotite, often altered to chlorite, large garnets, and a little feldspar. 
The rock underlying this bed is exposed for a short distance only. It is 
highly laminated and finer grained, but in mineral composition resembles 
the rock above except for the presence of more quartz. Detailed petro- 
graphic descriptions of all of these rocks are given below. 





Fig. 12.—Sketch of quartzite bed cut by gold-bearing veins, Tellurium mine. 4A, 
hanging wall schist; B, quartz-feldspar veins; C, quartzite; D, garnetiferous 
foot-wall layer; EF, foot-wall schist. ‘ 
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The individual veinlets in the quartzite range up to 14 inches or more 
in width, and commonly follow bedding planes though they frequently 
cut directly across. Where the bedding planes are cut by veinlets, little 
spurs from the quartz sometimes extend out along them for a short dis- 
tance. Lenses of vein quartz occasionally take the place of veinlets at the 
top of the quartzite, but rarely occur within the bed itself, and where seen 
were always small. The veinlets are composed essentially of white to 
translucent, coarsely crystalline quartz, and kaolinized feldspar is usually 
present, in places becoming an important gangue mineral. Pyrite is 
commonly a constituent in small quantity but rarely exceeds one per cent. ; 
native gold occurs in small grains and scales that may usually be detected 
on panning the crushed ore; and sphalerite, tetradymite, and tellurium ( ?) 
have been identified as rare accessory minerals. In the oxidized zone near 
the surface, joint planes and fractures in the quartz are frequently stained 
with black oxide of manganese. 

The feldspar is distributed throughout the quartz veins in small angular 
shapes, but is more plentiful near the border portions where it sometimes 
forms small lenticular bands or streaks parallel to the walls, and may 
constitute as much as 10 per cent. of the mass. Rarely it occurs in 
lenticular masses 3 inches or more in maximum diameter. In most places 
where the vein is exposed the feldspars are completely altered to kaolin, 
and it is difficult to obtain specimens sufficiently fresh to admit of their 
determination. 

The freshest feldspars were obtained from a piece of vein quartz found 
on a shaft dump at the Scotia mine, and which evidently came from the 
foot-wall side of the quartzite bed, for some of the underlying rock was 
firmly attached. In the hand specimen (143-A) the feldspars occur in 
somewhat angular individuals ranging up to 0.75 cm. in diameter, and 
are white to light yellow in color and show good cleavage. While sparingly 
scattered throughout the quartz they are more plentiful near the contact 
with the country rock, forming perhaps 10 per cent. of the mass. A little 
chlorite, occurring chiefly near the contact, white mica and an infinitesimal 
amount of pyrite make up the chief minor constituents. A few thin plates 
of ilmenite occur in the quartz near the wall rock. Under the microscope 
the feldspars show extreme alteration to kaolin and sericite, but multiple 
twinning can be detected on some of them, and this with the index of 
refraction identifies them as oligoclase-andesine. There is probably some 


aThe indices of refraction as determined by Dr. E. S. Larsen, Jr., using the 
immersion method, were 0 — 1.542 + 0.003 and Y=1.551 + 0.008. 
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orthoclase present but it could not be positively identified. The quartz in 
the slide shows some optical distortion and contains numerous gas- and 
liquid-filled cavities. 

Pyrite nowhere seems to be an abundant constituent of the veins cutting 
the quartzite. It is usually present in small quantities, rarely amounting 
to more than 1 per cent., and wherever observed was fine-grained. 

Gold occurs chiefly in the native state and can frequently be detected 
by panning. In a piece of the vein quartz obtained within 6 feet of the 
surface, close to the incline shaft at the Tellurium mine, gold is present 
in small flakes about 0.25 mm. in diameter. At greater depth much of 
the gold is probably contained in pyrite. 

A small amount of black sphalerite was identified in vein quartz from 
one of the stringers in the quartzite, but this mineral seems to be very 
rare in the veins of the tellurium system. 

Tetradymite has been identified in ore at the Tellurium mine, being 
first analyzed by Coleman Fisher, Jr.,“ and later by Dr. F. A. Genth.? 
The analysis given by the latter is as follows: 


Analysis of tetradymite from the Tellurium mine, Virginia. 
(Dr. F. A. Genth, analyst.) 


Per cent. 
RisMutel wie ate eae oe ee 51.56 
Tellurium S25 oO oe eon ar ve: 49.79 
Belenimnic cars eset eee eet trace 
Sul PRuri owe. eis. cas ht pie ae none 


Genth states that in the specimen examined by him tetradymite occurs 
“in broad folia, sometimes 1 inch in diameter, implanted in a decomposed 
micaceous slate. . . . Before the blowpipe it fuses readily giving out 
a faint but distinct odor of selenium, leaving on charcoal white incrusta- 
tions with a yellow center.” Elsewhere he states that the tetradymite 
from the Tellurium mine is frequently interlaminated with gold, and 
experiments made by him proved that gold was easily precipitated from 
dilute solutions by tetradymite.° His description of the gangue indicates 
that the specimen was probably obtained from the wall of the “Middle” 
or “Little” vein, rather than the veinlets in the quartzite bed, but these 
veins are all identical in their mineral composition and mode of formation. 


aAmer. Jour. Sci., vol. vii, 2d ser., p. 282. 

bGenth, F. A., Contributions to Mineralogy, Amer. Jour. Sci., 1855, vol. xix, 
2d ser., pp. 15-16. 

eGenth, F. A., Contributions to Mineralogy, Amer. Jour. Sci., 1859, vol. xxviii, 
2d ser., pp. 254-255. 
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Tellurium is mentioned by Credner as being present in the form of a 
coating together with gold, but the mineral seen by him was probably 
tetradymite.@ 

In order to show the distribution of the gold and the relative degree 
of mineralization, average samples of the veinlets and of the quartzite were 
carefully taken in the face of the drive sketched in fig. 12. The elements, 
gold, silver, iron, and sulphur, were determined in each of these samples 
and are tabulated below. The percentage of pyrite given in the table was 
computed from the amount of sulphur found, based on the assumption 
that all of the sulphur present is in the form of pyrite, which is essen- 
tially correct. The excess iron is present chiefly in the form of limonite, 
with a little chlorite, and possibly some ilmenite. 


Partial analyses of ore from the Tellurium mine, Virginia. 


(E. E. Burlingame & Co., analysts.) 














Vein quartz. Quartzite. 
FAIC WE OUITICOS jimi es oars eae bee ein Sh peter ene o% 0.12 0.02 
Palverer (UNGER Tiers. cette dep edule a veen s itlee cs trace saa 
DE A TON) Gayton etree 9s Ce oh) - iat oi b> uspel «> \e ee ek 1.00 3.60 
STS PTA 8 ay 8799 sera 0 AR | OA oe rated a 0.16 0.41 
Oeeitoge Poet eelitay feat e ds Sari et ls eee & 0.30 OsT7 





The quartzite which forms the greater portion of the “Big Sandstone” 
vein is fine-grained, even-granular, and light gray to almost white when 
fresh, turning to light brownish-gray or pink on weathering. ‘The rock 
has distinct schistosity parallel to the bedding, and when examined on 
fractures that cut across the schistosity it appears to consist entirely of 
quartz, while on surfaces paralleling the schistosity fine scales of sericite 
can always be distinguished and are usually abundant, giving the quartzite 
a high luster. A little fine-grained pyrite may be recognized in places, 
but is never an important constituent. In a single instance, crystals of 
muscovite over 2 cm. in diameter were found in quartzite adjacent to 
one of the veinlets. 

In thin sections (Specs. 135, 147, and 189) under the microscope, the 
quartzite is composed essentially of interlocking quartz grains, less than 
1 mm. in maximum diameter and averaging about 0.25 mm., which are 
partially oriented with their greater diameters roughly parallel to the 
schistosity. The quartz grains are so extensively recrystallized that they 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 9. 
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furnish little evidence of their former size and shape. ‘They usually show 
some optical distortion but little if any granulation, and contain occa- 
sional small fluid inclusions. Sericite is always present in small scattered 
flakes mostly parallel to the schistosity. The feldspars (orthoclase and 
acid plagioclase) are common in specimens of quartzite obtained near the 
veinlets, and seem to be rare or absent elsewhere in the quartzite. Where 
abundant the feldspars occur filling interstitial spaces between quartz 
grains, and in long, irregular, more or less broken lines parallel to the 
schistosity, indicating that they were formed later than the quartz, and 
suggesting that the feldspars may have been introduced into the rock by 
the vein-forming solutions. The feldspars are partly kaolinized and show 
some alteration to sericite. The alteration of the feldspars together with 
their low index of refraction render easy their differentiation from quartz 
even where twinning is absent. The minerals chlorite, zircon, titanite, 
rutile, and ilmenite, partly altered to leucoxene, are present in small but 
varying quantities as unimportant accessory constituents. 


The contacts between the stringers of vein quartz and the quartzite 
are well marked and easily recognized in the hand specimen because of 
difference in color and granularity, but under the microscope (Spec. 190) 
the contact is less sharply defined and is more of a gradation. The 
quartzite is completely recrystallized, so that the individual quartz grains 
interlock with those of the vein quartz, and the only difference between 
them is one of relative size. In the former the grains are seldom over 
1 mm. in diameter, while in the latter the quartz individuals average 
from 2 to 3 mm. The quartz grains in both vein and quartzite show 
irregular, interpenetrating boundaries, strain shadows, and _ slight 
peripheral granulation. The vein quartz is practically free from impurities 
other than minute gaseous and liquid inclusions. ‘The quartzite contains 
much feldspar, chiefly orthoclase with some acid plagioclase, which shows 
shght kaolinization and partial alteration to sericite. Sericite in small 
flakes is distributed throughout the quartzite, pyrite is present, usually 
in small cubes, and the minerals chlorite and zircon occur as minor 
constituents. 


A specimen (188) found on an old dump at the Tellurium mine, con- 
tains a layer of rock 3.5 to 4 inches thick, which consists of fine-grained, 
impure quartzite, or schist interleaved with numerous narrow veinlets and 
lenticular eyes of quartz 1 mm. to 1 cm. in width. This layer was inter- 
bedded with the normal quartzite. Microscopic examination shows that 
the veinlets and lenses are composed chiefly of coarsely crvstalline quartz, 
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with minor amounts of feldspar—albite or albite-oligoclase and perhaps 
some orthoclase. The quartzite is very fine-grained and consists of quartz, 
feldspar, sericite, biotite, chlorite, pyrite, and a little titanite. The 
feldspars in the veinlets frequently have good crystal outline and range 
up to 1 mm. or more in diameter. They usually occur near the border 
portions of the veinlets projecting into the fine-grained quartzite, and in 
places appear to be completely separated from the veinlets. These 
feldspars, while well formed, show rough outlines under the microscope, 
because along their boundaries the feldspars fill up the inequalities caused 
by irregularities in the adjoining quartz grains. Some of the feldspars 
show albite twinning but many are unstriated. 

By decrease of quartz and increase of mica the quartzite passes into 
the overlying schists. In the hand specimen (141) the rock from the 
hanging wall of the “Big Sandstone” vein, where it-was cut by a vertical 
shaft at the Scotia mine, is a light brown, fine-grained, schistose quartzite ; 
and in thin section under the microscope it is even-granular, being com- 
posed of roughly rounded quartz grains, showing little or no optical dis- 
tortion, and decreasing amounts of biotite, sericite, and chlorite. There is 
probably a little feldspar present, but it could not be positively identified. 
Some of the biotite shows partial alteration to chlorite. The minor acces- 
sory minerals are a little pyrite, chiefly along bedding planes, small grains 
of ilmenite, largely altered to leucoxene, and occasional inclusions of zircon 
and rutile. 

Another specimen (142) from the same locality is a fine-grained, hight 
gray schist composed chiefly of quartz and sericite with scattered flakes 
of biotite and chlorite, and occasional garnets 1 to 3 mm. in diameter. 
Other minerals present are pyrite, zircon, titanite, and leucoxene. 





Between the quartzite and the middle vein the rock is mostly a fine- 
grained, light bluish-gray schist composed essentially of quartz, sericite, 
and biotite. In places it contains impure garnets 1 to 2 mm. in diameter, 
and sometimes there is much fine-grained pyrite present. 


The thin strip of rock underlying the quartzite (see fig. 12) in many 
ways resembles the garnetiferous bed that occurs on the east side of the 
quartzite near New Canton (see pp. 107-108), and elsewhere, except that no 
sillimanite or cyanite could be identified in the rock at the Tellurium 
mine. In color the rock varies from dark gray where freshest to dark brown 
or greenish-brown. It consists chiefly of numerous reddish-brown garnets 
ranging up to 5 mm. in diameter, imbedded in a schistose ground-mass of 
biotite usually altered to chlorite. In thin sections (Specs. 186-A and -B) 
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under the microscope much feldspar—both acid plagioclase and orthoclase 
—can be distinguished, and the minerals, quartz, ilmenite, mostly altered 
to leucoxene, pyrite, and sericite, are also present. The garnets occur in 
well-formed dodecahedrons containing inclusions of ilmenite and leucoxene. 
The biotite is light brown in color and in some specimens is largely altered 
to chlorite. The feldspars are extensively kaolinized, contain inclusions 
of biotite and chlorite, and in places show albite twinning. 

This strip of foot-wall rock was encountered at the Bowles and Scotia 
mines as well as at the Tellurium. Pieces of vein quartz were found on 
the dump at the Bowles mine with some of the foot-wall adhering, which 
contained garnets over 1 cm. in diameter, partly imbedded in the vein 
quartz and partly in the wall rock. 

At the Scotia mine dark green hornblende is found in places where the 
vein quartz, containing feldspar, occurs in contact with the rock under- 
lying the quartzite. Occasionally small veinlets extend from the quartz 
vein out into the country rock and these carry much feldspar, white to 
yellow in color. The hornblende is present in the wall rock close to the vein, 
sometimes being the chief constituent, and does not seem to extend farther 
than 3 or 4 inches from the contact with the vein. This hornblendic rock 
grades into the normal biotite-chlorite-garnet schist described above. 
Examined microscopically (Spec. 143-B) the hornblende is light green to 
colorless, and shows alteration to chlorite and epidote. Quartz occurs in 
irregular grains showing optical distortion. Much titanite is present in 
clear, light pink to colorless grains, well-formed crystals of rutile occur 
as inclusions in the quartz, and ilmenite is also a minor constituent. Both 
rutile and ilmenite show partial alteration to leucoxene. 


A specimen (194) of the rock underlying the narrow strip described 
above was obtained in the face of the northeast drive from the Tellurium 
incline shaft (# in fig. 12). It is a light brown schist similar in mineral 
composition to the overlying rock, except that it is finer grained and more 
siliceous. The minerals present are quartz, biotite and chlorite, garnet, 
feldspar, sericite, pyrite, leucoxene derived from ilmenite, and titanite, 
the order given being that of relative abundance. The quartz grains are 
small and show little optical distortion. Biotite is present in brown flakes 
containing occasional inclusions of quartz, and is extensively altered to 
chlorite. The garnets are light pink in color and show slight alteration to 
chlorite along fractures. They contain numerous inclusions of quartz, 
pyrite, and ilmenite partly altered to leucoxene. The feldspars—orthoclase 
and acid plagioclase—are extensively kaolinized. 





THE GOLD MINES OF THE DISTRICT. 165 


The *“‘Middle” vein is conformable in strike and dip with the enclosing 
schists, and therefore parallel to the quartzite bed. It is extremely variable 
in width, consisting of a series of small lenses which range up to 3 feet or 
more, in thickness; and these lenses are all strung out along the same line, 
being usually connected by a narrow stringer. (See fig. 13.) In this 
respect the ‘““Middle” vein is markedly different from the veinlets in the 
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Fig. 13.—Diagrammatic sketch showing symmetrical lenses of the middle vein at 
the Tellurium Mine. Q, quartz; F, feldspar; A, hanging wall schist; C, foot- 
wall schist; B, bed of light-colored schist. 

quartzite, for the latter are seldom lenticular in shape, frequently cut 

across the bedding of the enclosing rock, and are variable in their strike 

and dip. 

The lenses forming the “Middle” vein are separated in places by a 
distance of several feet, and the veinlets connecting them may pinch to 
almost nothing so that only a faint line remains, but it can usually be dis- 
tinguished without difficulty. In the partly decomposed schists near the 
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surface this line is marked by the dark stain of oxides of iron, probablv 
from the alteration of pyrite; and when the soft material is broken away 
a little coarse grit, due to the presence of quartz, can be detected on the 
line. Feldspar is an important constituent of this vein, but in the open- 
ings that are now accessible it is completely altered to kaolin. The kaolin 
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Fig. 14.—Vertical section of middle vein at the Tellurium Mine, showing large lens 
composed of smaller lenses. 

occurs in small angular shapes distributed throughout the quartz, but is 

mostly found along the border portion of the lenses, and especially at 

points where they narrow and pinch out. (See fig. 13.) Some of the 

smaller lenses 2 or 3 inches in length are composed entirely of kaolin. In 

places the larger lenses are made up of a number of smaller ones as shown 
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in fig. 14, and where this occurs there is occasionally a little schist in- 
cluded between the component lenses. At one point the vein is cut by a 
vertical fault which displaces the vein about 2 feet. (See fig. 15.) 





Fig. 15.—Vertical section showing symmetrical lenses of the middle vein of the 
Tellurium Mine, and a small fault. @Q, quartz-feldspar lenses; A, hanging wall 
schist; C, foot-wall schist; B, bed of light-colored schist. 


The formation of the peculiar lenses which constitute the “Middle” 
vein is discussed in detail in the chapter on genesis, pages 224-230, and 
therefore nothing further concerning them will be said here. 

The “Middle” vein is similar in mineral composition to the veinlets 
that cut the quartzite bed and constitute the chief gold-bearing portion 
of the “Big Sandstone” vein, but it probably contains a larger percentage 
of feldspar. According to report, the “Middle” vein is much richer in 
gold than the “Big Sandstone,” and this is unquestionably true if the 
whole bed of quartzite is included with the veinlets, but it is questionable 
whether the average value of the gold-bearing veinlets that occur in the 
quartzite is greatly below that of the “Middle” vein. An average sample, 
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taken across a lens in the vein 24% feet wide, yielded $2.07 gold per ton, 
but it should be understood that this does not represent the average value 
of the vein. The best ore seems to occur in pockets or shoots, and much 
of the ore that has been stoped out unquestionably carried high values in 
gold. An ore pile on the surface showed much gold when tested by pan- 
ning, and specks of visible gold are not infrequent in fragments of the ore. 
The wall rocks apparently are not mineralized to any appreciable extent. 


The “Middle” vein is enclosed in a series of fine-grained, knotted 
schists, containing pseudophenocrysts of garnet. ‘The folia of the schists 
in the immediate vicinity of the vein are wrapped around the lenses, con- 
forming to every curvature of the ore-body, but in passing away from the 
vein the flexures gradually disappear, and at a short distance the folia 
are straight and undisturbed. (See fig. 13.) 


The vein appears to follow a bed of light-colored schist 2 to 244 feet 
thick interbedded with darker schists. Where exposed these rocks are so 
badly altered that it is not possible to obtain material sufficiently fresh 
for microscopic examination. ‘The light-colored schist is composed essen- 
tially of quartz and sericite, with small, scattered brown spots due to the 
alteration of garnet. Along fractures and joint planes it is stained with 
iron, but elsewhere it is almost white in color. The overlying schist is light 
bluish-gray, and contains decomposed garnets 3 or 4 mm. in diameter, 
embedded in a fine-grained ground-mass. The folia of the schist are 
wrinkled or folded to form lenticular eyes around the garnets. The under- 
lying schist is similar to the one last described excepting that the garnets 
are less numerous and smaller in size. 

Pieces of unaltered garnetiferous schist, similar to the decomposed 
schist described above, were found on the dump of the 136-foot vertical 
shaft sunk in the hanging wall of the Tellurium veins. In the hand speci- 
men (178) it is a thinly foliated, fine-grained, bluish-gray rock with high 
luster on surfaces parallel to the schistosity, and is spotted with numerous 
garnets in well-formed dodecahedrons 1 to 2 mm. in diameter. With the 
aid of a pocket lens, quartz, sericite, and biotite may be identified as the 
chief minerals of the ground-mass. Under the microscope the garnets are 
seen to be full of small inclusions consisting of grains of quartz, ilmenite 
partly altered to leucoxene, and a black opaque mineral in dust-like 
particles, possibly ilmenite. The ground-mass is composed of small ir- 
regular grains of quartz, with flakes of sericite, biotite, and chlorite, all 
of which are crowded with the black dust-lke inclusions. Leucoxene is 
plentiful in grains which frequently contain nuclei of unaltered ilmenite. 
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Occasionally the garnets are partly or wholly surrounded by a zone from 
which most of the minerals other than quartz have disappeared, probably 
entering into the composition of the garnet; and the quartz has recrystal- 
lized into small, elongated grains, with their longer diameters oriented in 
approximate alignment with radii extending from the garnet. (See Pl. V, 
fig. 2.) 

Pieces of rock, evidently igneous in origin, were found on the dump 
of an old shaft, which was sunk in developing the “Big Sandstone” vein 
at the Tellurium mine, but is now completely caved. In the absence of 
chemical analyses or knowledge of the structural relations, it is impossible 
to definitely classify this rock, but it is not improbable that it is genetically 
related to the granite on the northwest. In the hand specimen (185) 
the rock is light gray in color, fine-grained, and very schistose. Roughly 
formed, reddish-brown garnets and small flakes of biotite can be distin- 
guished in a white ground-mass composed of quartz and _ feldspar. 
Examined in thin section, feldspar phenocrysts are seen, ranging up to 
2 mm. in length, which, with flakes of biotite about 0.5 mm. in length and 
irregular garnets, occur in a fine-grained ground-mass composed of quartz, 
feldspar, biotite, a little sericite, and inclusions of leucoxene, zircon, 
titanite, and rutile needles. The feldspars are acid plagioclase (albite- 
oligoclase (?) ) and orthoclase, the larger individuals have very irregular 
outlines, and they contain numerous fluid-filled cavities and small inclu- 
sions of zircon and the titanium minerals. 

A different appearing igneous rock found on the same dump is much 
more schistose than the one previously described, and may represent an 
interbedded acid extrusive, or a dike rock older in age than the granite 
and its differentiates. It contains numerous garnets 1 to 2 mm. in 
diameter and flakes of biotite, embedded in a light brown, schistose ground- 
mass, composed essentially of feldspars, more or less kaolinized. Examined 
under the microscope the garnets are very ragged in outline and contain 
numerous inclusions of quartz. Feldspars, chiefly soda plagioclase, are 
dominant in the thin section, though a little orthoclase is present. Some 
of the larger feldspars are bent and broken, the fractures being filled by 
minerals of later crystallization. The minor constituents are quartz, 
pyrite, and leucoxene. 

The hypothesis that these rocks are genetically connected with the 
granite is strengthened by the presence on one of the dumps of horn- 
blendic schists, such as are found in the immediate vicinity of granite 
throughout the area. A hand specimen (179) of hornblende schist found 
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on the dump of the 136-foot shaft at the Tellurium mine, consists of 
coarse-bladed crystals of dark green hornblende ranging up to 1.5 or 2 cm. 
in length, and white, fine-grained quartz and feldspar. Small grains of 
pyrrhotite, pyrite, and magnetite are plentifully distributed throughout 
the rock. Under the microscope the hornblende is ragged in outline, and 
micropoikilitic in texture from numerous inclusions of quartz, magnetite, 
and pyrite. The cleavage is well developed and they are usually dark green 
in color, though some are nearly colorless. The quartz occurs in small 
rounded grains and is difficult to distinguish from the unstriated feldspar. 
The latter is acid plagioclase; probably no orthoclase is present in the 
rock. Magnetite is plentiful in small idiomorphic grains. Calcite and 
fibrous serpentine occur as vein-filling in a microscopic fracture. 


Another variety found on the same dump is much finer grained. It is 
a greenish-gray schistose rock (Spec. 180) in which quartz, hornblende, 
magnetite, pyrite, and a little sericite can be distinguished with the aid of 
a pocket lens. In thin section the hornblende occurs, partly in dark green 
to colorless crystals with well-developed cleavage and strong absorption 
in the darker varieties, and partly in nearly colorless needles often 
clustered together in radiating groups. Quartz and an unstriated feldspar, 
probably acid plagioclase, are present in rounded grains showing little 
optical distortion. Much magnetite, in idiomorphic crystals ranging up 
to 1 mm. in diameter, is plentifully distributed throughout the rock. 

The lenticular bed of ferruginous quartzite, known as the “Hodges” 
vein, which has been developed to some extent at the Scotia mine, is 
situated about 600 yards southeast of the course of the “Big Sandstone” 
vein. ‘The few exposures in the vicinity indicate that the quartzite is inter- 
bedded with quartz-sericite schists. A small prospect pit, located about 
300 yards northeast of the openings on the “Hodges” vein and approxi- 
mately in line of strike, exposes a thinly foliated schist, which in the hand 
specimen (211) appears to be composed entirely of sericite and quartz. 
It is white in color when not stained with limonite, and contains occa- 
sional eyes of light blue opalescent quartz about 0.5 cm. in length. The 
strike of the schistosity is N. 60° EK. and the dip 30° toward the southeast. 

The shape of the quartzite bed, where it is exposed by short drives from 
the bottom of the incline shaft, is shown in fig. 16. The maximum width 
is over 6 feet, and from this the bed tapers down to a fraction of an inch at 
either end. The average dip is southeast 35° and the strike about N. 40° E. 
Although the quartzite apparently pinches out at either end of the lens, 
much float rock identical in appearance and composition occurs on the 
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surface about three-quarters of a mile northeast, and at several other points 
in the same general alignment. 

Megascopically the quartzite is fine-grained, even-granular, and some- 
what variegated in color because of local concentration of the various oxides 
of iron. In places the rock is white to light gray in color, consisting chiefly 
of quartz, with only a small amount of iron in the form of specular hematite 
and octahedral crystals of magnetite. Elsewhere the rock is dark brown 
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Fig. 16.—Horizontal plan showing lenticular shape 
of ferruginous quartzite bed exposed in under- 
ground openings at the Scotia mine. 


to black in color and contains a larger percentage of the iron minerals, 
which are usually extensively altered to limonite. The two colors are 
irregularly intermixed, blotches of white being enclosed in areas that are 
dark brown in color and vice versa. Near the center of many of the dark 
areas, much fine-grained magnetite is found, and along the contact between 
the light and dark areas there is often a narrow, red-colored band, probably 
due to iron stain on the quartz grains. 
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In thin section (Spec. 153) under the microscope the rock is essen- 
tially the same as the non-gold-bearing ferruginous, quartzites which occur 
at a large number of localities in the area, described in detail on pages 19-22. 
The quartz grains are roughly rounded, nearly uniform in size, averaging 
about 0.25 mm. in diameter, and show no optical distortion. This close 
interlocking texture is due to recrystallization, which probably resulted in 
some enlargement of the individual grains. Small idiomorphic inclusions 
of martite (magnetite altered to hematite) are present in the quartz; and 
the larger masses of iron ore, occurring between the quartz grains, show 
considerable alteration to lmonite, which in many places stains the 
boundaries of the other minerals. Zircon and a few small rutile needles 
are unimportant minor constituents. 

The quartzite is cut by occasional irregular stringers of quartz, which 
range up to 10 inches or more in width, and very rarely contain vug-lke 
cavities lined with quartz crystals. The stringers occur mostly on the 
foot-wall side of the quartzite. They carry a little pyrite largely altered 
to limonite, and probably a small amount of feldspar, though the latter 
mineral was not positively identified. The presence of gold is easily 
detected by panning, and sometimes small specks of free gold can be 
identified in hand specimens, usually in association with limonite derived 
from pyrite. 

Tests made by panning indicate that the quartzite away from the gold- 
bearing veinlets carries little if any gold. Sometimes a small amount of 
pyrite may be found in the quartzite near the veinlets, but most of it occurs 
as a coating along fractures and is evidently secondary in origin. 


The Scotia Mine. 


Location.—The Scotia property is situated about half a mile north of 
Caledonia and 7 miles northeast of Columbia. It adjoins the Tellurium 
mine and is crossed by the southwestern extension of the same vein system. 

History and description——This property was formerly known as the 
Perkins mine and under that name was prospected in the early days of gold 
mining in Virginia. According to Credner the ore used to pay the working 
expenses. After 1849 very little work was done until the Scotia Mining 
Co. began prospecting in 1910. An account of the development work is 
given below and a detailed description of the veins and country rock will be 
found on pages 157 to 172. 

A drain tunnel was driven 105 feet in a direction 8. 11° E., cutting 
the “Big Sandstone” vein near the portal and also two small stringers 
that were called the “Middle” and “Little” veins. The country rock is 
much decomposed, but where fresh enough for identification consisted of 
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knotted garnetiferous schists similar to those at the Tellurium mine. A 
67-foot vertical shaft sunk in the hanging wall, cut the “Big Sandstone” 
vein near the bottom. It was partly filled with water when the property 
was examined by the writer, but much fresh rock was exposed on the dump 
and this is described, together with the veins of the Tellurium system, on 
pages 157 to 164. The “Big Sandstone” vein was exposed in a pit sunk on 
the outcrop 100 feet northwest of the vertical shaft. Here the quartzite 
bed had a strike of N. 50° E., a dip of 35° southeast, and varied from 
8 inches to 3 feet in width, averaging about 18 inches. It is cut by vein- 
lets of massive white quartz carrying considerable kaolinized feldspar. 
The same vein has been prospected on this property by several other sur- 
face cuts. 

An old incline shaft near the western boundary of the property was 
reopened by the Scotia Mining Co. It was sunk on a vein called the 
“Middle” vein, which has a maximum width of 2 feet about 12 feet from 
the surface and pinches to an inch near the bottom, 25 or 30 feet from the 
surface. The strike is approximately N. 60° E. and the dip 35° southeast. 
The enclosing rock, consisting of knotted, garnetiferous schist, is conform- 
able in strike and dip, and is cut by vertical joint planes, spaced 12 to 18 
inches apart, which have a strike of N. 44° W. It is improbable that this 
vein is continuous with either of the stringers in the drain tunnel or with 
the “Middle” vein at the Tellurium. Small stringers like these are not 
as a rule continuous for great distances but pinch out and are replaced 
by others a little farther along the line of strike. 

Near the southwestern corner of the Scotia property there is a bed of 
ferruginous quartzite cut by small gold-bearing stringers, which is known 
as the Hodges vein. It has been developed by several surface cuts and an 
incline shaft on the vein, 43 feet deep, from which short drives were run 
in northeast and southwest directions. A detailed description of the ore 
and country rock is given on pages 170-172. 


Gold Prospects Southwest of the Scotia Mine. 


Passing southwest along the strike of the Tellurium vein system,. old 
prospect holes are found at short intervals as far as Big Byrd Creek, but, 
while gold has been found at a number of these places, very little develop- 
ment work has been done. 

On the Jennings tract adjoining the Scotia there are several old shafts 
and surface pits located along the strike of the Tellurium veins, but these 
are now caved and do not seem to have reached a depth of more than 40 
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feet. Knotted garnetiferous schist, having a strike of N. 60° KE. and 
dip of 30° southeast, is exposed in one of the openings, and quartzite 
similar to that at the Tellurium mine is present on one of the shaft dumps. 

By means of surface cuts, the quartzite bed has been traced across the 
Mosby, Fountain, and Cocke properties, and placer gravels have been 
worked along the branches that run through them and enter Big Byrd 
Creek. It is said that the “Big Sandstone” vein was prospected on the 
Fountain property in 1837 by Geo. Fisher, and another vein, known as the 
Marks vein, was also opened and worked to some extent. ‘The ore was 
crushed in a smal] 3-stamp mill on Horsepen Creek and yielded $75 
per day. 

Some mining has also been done on the old Bartlett place in this 
vicinity. Gold was discovered in the Bartlett Branch, which enters Big 
Byrd Creek from the east a short distance above Bowles’ bridge, and the 
placer gravels are said to have been worked by the Fishers. Later the 
Bartlett vein was discovered and prospected and a little mining done. The 
ore from this vein was carried to Bowles’ Mill on Big Byrd Creek and 
crushed in a small wooden stamp mill operated by the same power that 
ran the grist mill. 

Recently some prospecting has been done on a part of the old Payne 
farm, now known as Cassell’s mine. The place is situated on the county 
road about 2 miles northwest of Caledonia and 3 miles southwest of Kent’s 
Store. A small amount of ore has been mined and milled but all the work 
has been of a superficial nature. ‘Several shafts and cross-cuts, all above 
water level, have been sunk in decomposed rock, and the only veins exposed 
when the openings were examined by the writer, consisted of a few quartz 
stringers less than an inch in width. Part of the workings are in a de- 
composed dike-like rock about 20 feet wide which appears to be pegmatite. 
It is not well exposed but has a probable strike of N. 6° E. 

Close to the other openings a pit has been sunk on a highly ferruginous 
quartzite bed 8 feet or more in thickness. The quartzite is dark brown with 
occasional light-colored spots, and is cut by closely spaced joints. It is com- 
posed of fine-grained quartz, hematite, and a little magnetite, and the 
light spots seem to be due to recrystallization of silica. In places along 
cracks or cleavage planes a crust of magnetite has been formed consisting 
of crystals 2 to 3 mm. in diameter. The quartzite is cut by quartz vein- 
lets 1 to 2 inches in width which frequently contain plates of micaceous 








aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, pp. 42-43. 
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hematite. Examined under the microscope (Spec. 209) it seems to have 
undergone greater recrystallization than the other ferruginous quartzites 
of the area. The quartz grains lack uniformity in size and are irregular 
in outline; they usually show optical distortion and contain comparatively 
few inclusions of the iron ores, while the larger masses of hematite contain 
small inclusions of quartz. The iron ores are partly altered to limonite, 
and the latter in places stains the contacts between the quartz grains. 


The Bowles Mine. 


Location.—The Bowles property is situated 114 miles southeast of 
Tabscott and about 8 miles northeast of Columbia. It hes east and north- 
east of the Tellurium mine, and embraces a large area of land in both 
Goochland and Fluvanna counties. 

History and general description——The placer gravels along the two 
branches that run through the property were extensively worked for gold 
prior to the Civil War. After the veins of the Tellurium system had been 
developed on the property of that name, they were traced across on to the 
Bowles tract and prospected at several points. Prospecting has been re- 
newed at several different periods and considerable development work 
carried out. A shaft started on the outcrop of the “Big Sandstone” vein 
was sunk about 100 feet on the dip of the vein, and 50 feet from the collar 
a cross-cut was driven southeast to connect with a vertical shaft at a point 
about 40 feet below the surface. The vertical shaft was sunk to a depth of 
72 feet, and after striking the “Little” vein was continued for 45 feet 
along the dip of the vein. When visited by the writer in 1910 the shafts 
were partly filled with water and all the workings inaccessible. The data 
given above were furnished by Mr. Ferris, who was in charge of the 
property at the time. The character of the veins and the structural rela- 
tions of the wall rock, which are the same as at the Tellurium mine, are 
described in detail on pages 157 to 172. 

The Gold Hill vein system crosses the northwestern end of the Bowles 
property, and several of the veins belonging to it were prospected at an 
early date. A number of shafts and other openings have been made, but 
practically all of them are now caved. ‘The most extensive workings are 
located on the Gold Hill vein, and the Shaw or Back Field vein. Ores 
from the former vein were hauled to the Tellurium mill for treatment 
when mining was in progress about 25 years ago. A little work has been 
carried on recently by Mr. Ferris, who mined a few tons of high-grade 
ore from a small opening on the Back Field vein and crushed it in the 
Tellurium mill. The veins belonging to the Gold Hill system are described 
in detail below. 
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The Gold Hill Vein System. 


Introduction.—The Gold Hill vein system is situated about 2 miles 
southeast of Kent’s Store and 2 miles west of Tabscott, and extends for a 
mile or more in a general northeast-southwest direction. It consists of a 
series of small veins, which show a greater variation in strike and dip 
than is found elsewhere in the district, but none of them seems to be very 
persistent. The veins have been developed to some extent at several places 
on the Bowles, Shaw, and McGloam properties, but all the work has been 
rather superficial in its nature. These veins differ from other veins of 
the district in several important characteristics besides their lack of uni- 
formity in strike and dip. They are located in an area of fine-grained 
granite, and are the only known gold-bearing veins within this district 
that occur in granite. The veins are characterized by the presence of 
coarsely crystalline pyrite, which frequently occurs in large cubical shapes 
1 cm. or more in diameter. 

Country rock.—There are few exposures of the country rock except 
where openings have been made in prospecting the gold veins. The 
dominant rock is a fine-grained granite, and this contains areas of horn- 
blende and chlorite schists, which are more noticeable near the border 
portions. Because of the extensive decomposition of the rocks in this 
section it is not possible to accurately map the boundaries of this granite 
area, but it has a width of more than one mile, and extends for an unknown 
distance in a northeasterly direction, probably connecting with the main 
granite batholith that lies to the east. 

The granite where freshest is a light gray, fine-grained rock, with 
scarcely any schistosity. The minerals visible to the naked eye are quartz 
and feldspar, with numerous small flakes of dark green chlorite, a little 
sericite, small cubes of pyrite, and occasional grains of magnetite. In 
thin sections it varies from granitic to granophyric in texture, intergrowths 
of quartz and the feldspars being common, and in places very abundant, 
while small phenocrysts of feldspar are present in some of the rock. The 
feldspars are acid plagioclase and orthoclase, with sometimes a little micro- 
cline. ‘The white mica is apparently all secondary, and frequently shows 
intergrowths with quartz. The chlorite is probably derived from biotite, 
a mineral which is present in small quantities only. Calcite is plentiful 
in some slides and is probably derived chiefly from the feldspars. The 
minor constituents occurring in the rock are zircon, leucoxene, apatite, 
and rutile needles, while fluid inclusions are numerous in some of the 
quartz grains. (Specs. 82, 83, 158, 161, and 166.) 
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The hornblende schist is exposed at several points in narrow bands 
interleaved with granite, and also in areas at least several hundred feet 
across. These schists are similar to the corresponding schists in the larger 
eranite area, and are doubtless the same in origin. The rock is dark green 
in color and varies from medium coarse- to fine-grained. Hornblende, often 
largely replaced by chlorite, quartz, and feldspars, are the chief constituents ; 
pyrite and magnetite can usually be recognized megascopically; and in 
some of the rock small grains of rutile and ilmenite can be identified. 
Under the microscope the larger hornblendes are ragged in outline and 
micropoikilitic from numerous inclusions of quartz and magnetite. The 
feldspars (acid plagioclase) are clear, unstriated, and difficult to distin- 
guish from quartz except by their lower index of refraction. Occasional 
grains of titanite, inclusions of zircon, and small rutile needles constitute 
the minor accessories. (Specs. 80, 81, 159, 160, 165, and 167.) 


Granite is the principal rock composing the dumps from shafts sunk 
on veins belonging to this system, and the hornblende schist is present in 
smaller amounts or entirely absent. 


The McGloam mine-—The McGloam mine is situated half a mile north 
of the Tellurium and joins the Bowles property which lies to the east. 
There are 2 shafts on the property 300 yards apart, one vertical and the 
other on a flat incline, but both are now filled with water. A vein, 1 to 2 
feet wide, is exposed in the mouth of the incline shaft. It has a strike of 
N. 70° KE. and dips southeast at an angle of 30°. The fine-grained granite, 
a little hornblende schist, and considerable vein quartz are present on the 
dump. 

The vein quartz contains much coarsely crystalline pyrite, and in some 
pieces this has been partly or wholly removed, leaving cavities in the 
quartz which frequently show no staining from oxides of iron. A little 
free gold can sometimes be detected by panning. In places the vein quartz 
is interleaved with narrow bands of fine-grained granite which in the hand 
specimen resembles quartzite, for it contains practically no ferromagnesian 
minerals. A thin section (162) examined under the microscope, contains 
a veinlet of quartz 3 mm. wide enclosed by granite. The veinlet has 
sharply defined boundaries and is composed of quartz, containing numerous 
fluid inclusions, a very little feldspar, and some sericite. The enclosing 
rock is granitic to granophyric in texture, and consists of irregular rounded 
grains of quartz and feldspar, with a fine intergrowtl of feldspar and 
quartz filling the interstitial spaces. The feldspar is chiefly acid plagio- 
clase, usually showing albite twinning, but orthoclase is also present and 
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occasionally forms Carlsbad twins. A few flakes of sericite, small, 
scattered grains of magnetite, inclusions of zircon, and minute rutile 
needles make up the minor accessory minerals. A piece of granite found 
on the dump was cut by a stringer of quartz 1 inch in width, which con- 
tained small vugs lined with quartz crystals. 


Fine-grained granite and vein quartz were found on the dump of the 
vertical shaft, but no hornblende schist. The vein quartz (Spec. 162) 
contains coarsely crystalline pyrite, and angular inclusions and irregular 
streaks of the country rock. ‘The inclusions, which are often large, give to 
the weathered rock the appearance of pegmatite. They are composed 
essentially of fine-grained feldspar and quartz which under the micro- 
scope are seen to be closely intergrown. ‘The vein quartz shows little 
optical distortion and contains numerous fluid inclusions, usually arranged 
in long, broken lines which may pass without interruption from one 
individual to another. 


The Shaw mime.—The Shaw property is situated 144 miles northeast 
of the Tellurium mine, and on the east side of the northern portion of the 
Bowles tract. There are several shallow shafts located close to the small 
branch which passes through the property, but they are now partly caved 
and filled with water. They are said to have been sunk on the Shaw vein 
which has a strike of N. 80° E. Granite and hornblende schist were 
found on the dump, and the former rock outcrops at several places in the 
vicinity. 

The Bowles mine-—The Bowles property is described on page 175, 
and therefore only the veins belonging to the Gold Hill system will be 
mentioned here. 

Near the northern end of this property there are several pits and small 
shafts, which are said to have been sunk on the “Shaw” vein, or ‘Back 
Field” vein as it is sometimes called. Only one of the openings was 
accessible when the property was examined by the writer, and this was not 
over 30 feet in depth. The vein where it is exposed varies from 1 foot 
down to a fraction of an inch, but Mr. Ferris, who was in charge of the 
property, states that in places it attains a width of 4 feet. The strike is 
about N. 60° KE. and the dip 30° southeast, so it is hardly probable that 
this vein is the extension of the one opened on the Shaw property. In 
places the vein carries considerable pyrite, partly altered to limonite, and 
at such points it is said to be rich in gold. A specimen examined by the 
writer contained grains of gold 2 mm. in diameter. Some of the vein 
quartz found on the dump contains cavities, evidently left by the oxida- 
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tion and removal of pyrite, for some of them are partly filled with limonite ; 
and attached to the walls of these cavities are numerous octahedra of 
magnetite 1 mm. and less in diameter. The wall rock where exposed con- 
sists of kaolin and quartz stained with a little iron, and is undoubtedly 
residual decay from the fine-grained granite found elsewhere in the 
vicinity. 

About 500 yards south, a vein 1 foot in width is exposed by a small pit. 
It has a strike of N. 22° E. and is nearly vertical. The quartz contains 
coarse cubical crystals of pyrite similar to those found in the other gold- 
bearing veins in this granite area. Between this point and the McGloam 
vein numerous openings have been made, but they are not in perfect align- 
ment and the veins which were prospected seem to have different courses. 
The greatest amount of development work was done at a point where the 
Gold Hill vein, running northeast-southwest, is said to be intersected by 
the “Cross” vein. There are several shafts and pits now caved along the 
course of the latter vein, which has a strike of N. 30° W., and is said to 
dip southwest at an angle of about 35°. This work was done many years 
ago and little is now known concerning these veins. A piece of quartz 
containing small prisms of black tourmaline was picked up near the out- 
crop of the “Cross” vein. 

The Page Mine. 


The Page mine is located in Fluvanna County on Long Island Creek a 
mile west of Wilmington. The veins on this property were first mined 
in 1856 and an 8-stamp mill was built to crush the ores. According to 
Credner the ore was derived from 2 quartz veins, carrying fine-grained 
galena and gold, which were opened by several tunnels and shafts.? The 
mill was in ruins at the time of his visit in 1865. It is reported that 
prospecting was renewed about 1895, but no mining seems to have been 
done. 

When the property was visited by the writer in 1911 the only accessible 
opening was a tunnel about 20 feet long which ran under the hill on the 
west side of the creek. The country rock exposed in the tunnel is a partly 
decomposed slate but no vein could be seen. Most of the work was done 
on the east side of the creek where there is an old caved tunnel, and on 
the hill above it several pits and open cuts. No rock was exposed on this 
side of the creek, but on the tunnel dump large pieces of vein quartz were 
found and some of them contained inclusions of chloritic slate, and narrow, 
irregular veinlets of calcite. 


aNitze, H. B. C., and Wilkins, H. A. J., Gold Mining in North Carolina and 
Adjacent Appalachian Regions, Bull. 10, N. C. Geol. Survey, 1897, p. 75. 

bCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, pp. 42-43. 
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The gold-bearing gravels along Long Island Creek and some of its 
tributary branches have been worked, and gold nuggets worth $20 to $25 
were found on one of the properties a short distance up the creek from the 
Page mine.“ Placer mining is said to have been carried on as late as 1865. 

About 1144 miles up stream from the Page mine there are several 
openings and a tunnel 100 to 200 feet in length which are said to have 
been made by Commodore Stockton. Credner states that a series of 
lenticular quartz concretions were exposed by an incline on top of the 
hill. The ore was a very hard, sandy quartz, carrying free gold in minute 
particles. Another quartz vein, nearly 60 feet wide, was exposed by pros- 
pecting pits but the ore was very poor.? 

On several properties lying 1144 to 2 miles north of Wilmington a little 
gold has been found in the placer gravels along the branches, and some 
quartz veins in that vicinity have been prospected by openings now caved, 
but all of the work seems to have been very superficial. 


The Snead Mine. 


Location.—The Snead mine is situated in Fluvanna County, 1 mile 
north of Fork Union, and is about 3 miles northeast of Fork Union station 
on the Virginia Air Line Railway. 

History.—According to Credner the mine was first opened in 1838 and 
worked for nine months, during which time it yielded $6,000.° The ore 
was treated in a primitive stamp mill operated by water-power, and much 
of the gold is said to have been lost in the tailings. Hamilton states that 
the mine was worked until 1850.4 The vein was opened by a shaft 25 
feet deep, several open cuts along the outcrop, and a tunnel. An attempt 
to reopen the mine was made after the close of the war, and in 1881 the 
chlorination process of extraction was tried.°. No work has been carried 
on for many years and the old workings are caved and inaccessible. 


Geology—The vein is located very close to the contact between the 
sedimentary rocks and the granite. On the west side of the vein near the 


aCredner, H., Op. cit. 
bCredner, H., Op. cit. 
cCredner, H., Op. cit., p. 58. 


dHamilton, J. R., The Natural Mineral Wealth of Virginia, Harper’s Magazine, 
1865, vol. xxxii, pp. 32-42. 


eHotchkiss, Jed., The Tellurium Mine and Virginia Gold Mining, The Virginias, 
1881, vol. ii, p. 85. 
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branch that flows through the property, knotted schists are exposed that 
are identical with those in the bluffs at New Canton. The rock is bluish- 
gray, fine-grained, and contains pseudophenocrysts of garnet and _ biotite 
1 to 1.5 mm. in diameter. 

The granite on the east side of the vein is a medium-grained gneissic 
rock composed for the most part of feldspar and quartz, white to hght gray 
in color, with large black blotches of biotite in small flakes. Under the 
microscope the soda-lime feldspars (oligoclase) are seen to be dominant over 
the potash feldspars (chiefly orthoclase). Some microperthite is present. 
Quartz occurs in irregular grains showing slight optical distortion and 
contains fluid-filled cavities, zircon, and rutile needles. The biotite is 
greenish-brown in color and shows strong absorption. ‘Tourmaline occurs 
in occasional light brown prisms. Much carbonate, a little chlorite, and 
epidote are present as secondary minerals. 

The vein is 3 to 6 feet wide and runs in a northeast-southwest direction, 
the dip being about 65° toward the east. Credner states that the vein 
consists of hard white quartz, “containing sulphurets of iron, copper, lead, 
and zine, and also oxide of iron, phosphate of lead, carbonate of copper 
and free gold." Hamilton mentions the presence of argentiferous galena. 


The Hughes Mine. 


Location—The Hughes mine comprises a tract of 275 acres located in 
Fluvanna County on the Virginia Air Line Railway about 2 miles north- 
east of Fork Union station and 214 miles southwest of Carysbrook. 

History.—This mine was first opened in 1836, but for many years it 
changed hands frequently and very little development work was done. ‘The 
last period of operation began about 1895 and continued until the spring 
of 1906, since which time the mine has remained idle. During this period 
the mine was developed by the Hughes Gold Mining and Milling Company 
to a depth of 115 feet, and an elaborate plant installed to treat the ore. 

Equipment.—The surface equipment consisted of a double cylinder 
steam hoist at each of the 2 shafts, a boiler house, mill, and cyanide plant. 
The mill building contained 2 batteries of 5 stamps each, amalgamated 
copper plates, and 4 Frue concentrators. ‘The concentrates which carried 
60 per cent. of the values were roasted and the gold extracted by treatment 
with cyanide solutions, while the tailings from the stamp mill were cyanided 
raw. ‘The extraction is said to have been over 90 per cent. and the cost 


aCredner, H., Op. cit. 
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of mining and milling a little over $4.00 per ton. At present the mill is 
partly dismantled and some of the machinery has been removed. 


Underground development and description of veins.—According to 
Mr. Bugbee, who was general manager for the Hughes Gold Mining and 
Milling Company, the underground development work has been limited 
to 3 veins, two of which strike in a northeast-southwest direction parallel 
to the country rock, while the third running in an east-west direction cuts 
across the rock formations and intersects one of the other veins. The 
figures given below were taken from a prospectus issued by the Hughes 
Gold Mining and Milling Company in 1905. 

Shaft No. 1 was sunk to a depth of 40 feet on the larger vein, a level 
was driven from the bottom of the shaft 140 feet southwest along the vein, 
and more than 50 feet of ore above this level has been stoped and milled. 
A mill run on 585 tons of this ore is said to have given a gross value of 
$9.00 per ton. ‘The vein has been proved by surface pits for 1,500 feet 
along the strike and has an average width of 21% feet. 

Shaft No. 2 was sunk to a depth of 110 feet on a second vein about 
800 feet southwest of the first, and levels were driven at depths of 60 
and 110 feet, respectively. From these levels cross-cuts were driven to 
reach the third vein 128 feet from the shaft. ‘The second vein has been 
stoped out from the 60-foot level to the surface. It averaged 114 feet in 
thickness between the extremes of 1 and 3 feet, and the average value is 
given at $20.00 per ton. The third vein, which has been developed for 
230 feet along its strike, varies from 1 to 4 feet in width, averaging 2 feet, 
and is said to be worth $13.00 per ton. In addition to the veins mentioned 
above 4 other veins have been prospected by surface pits and found to 
contain good values in gold. 


Geology of veins and country rock—At the time this property was 
visited the underground workings were filled with water and therefore 
inaccessible, so that it was not possible to examine the veins and wall rock 
in place. The ore found on the surface is chiefly vein quartz, varying from 
coarsely crystalline to saccharoidal in texture, and in places it contains 
much pyrite. Fine flakes of light green chlorite are frequently present in 
the quartz chiefly along fractures, and chloritic schist containing pyrite 
was found attached to some of the ore. 

The wall rock, as indicated by material found on the shaft dumps, is 
a greenstone schist derived from an igneous rock, probably a diorite 
porphyry. In the hand specimen it varies from light to dark green and 
contains eyes of light blue opalescent quartz, ranging up to 0.5 cm. and 
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over in diameter. In thin section (Spec. 36)% the large quartz eyes show 
optical distortion and some granulation. Rutile needles are occasionally 
present as inclusions. The ground-mass is composed of soda-lime feldspars, 
quartz, chlorite, epidote, zoisite, sericite, and a little titanite. The min- 
erals show the effects of mashing, and the feldspars are extensively altered 
to saussurite and chlorite. 


With the exception of the veins belonging to the Gold Hill system, this 
is the only mine in the district where gold-bearing veins have been found 
in rock of igneous origin. A short distance west of the veins ferruginous 
quartzites occur which are similar to those found interbedded with the 
schists in many localities throughout the area. At several places on the 
property pieces of almost pure magnetic iron ore are present on the 
surface, and some specimens? were seen which have the appearance of a 
hematite breccia recemented with magnetite and hematite. The magnetite 
occurs in masses that are composed of small grains and octahedral crystals 
ranging up to 2 mm. in diameter. 


MINES IN BUCKINGHAM COUNTY. 
The London and Virginia Mine. 


Location.—The London and Virginia mine, or London mine as it is 
sometimes called, is located about a mile north of Dillwyn, a station on 
the Buckingham Branch of the Chesapeake and Ohio Railway. It joins 
the property of the Buckingham .mine on the southwest. 


History.—This property was first known as the Eldridge mine, and it 
was worked for a number of years by Mr. Eldridge before being sold to 
the London and Virginia Gold and Copper Mining Company, which was 
formed in London and incorporated in Virginia in 1853.° 

At first most of the ore was derived from open cuts, which were carried 
to a depth of 20 to 40 feet, and extended for a distance of 150 yards along 
the outcrop. Later, shafts were sunk proving the vein to a depth of at 
least 150 feet, and underground mining was extensively carried on. Oper- 
ations were being conducted at the same time on the adjoining property, 
known as the Buckingham mine, and the two mines were connected under- 
ground by a continuous drive along the vein. 


The mill used by Mr. Eldridge to pulverize the ores was located some 
distance north of the mine and operated by water-power. This mill was 


aThis thin section was made from a specimen collected by Dr. J. 8S. Grasty. 

bSpecimens collected by the State Geologist, Dr. Thomas L. Watson. 

eWhitney, J. D., The Metallic Wealth of the United States, Philadelphia, 1854, 
p. 128. 
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in operation for about 15 years, and Mr. Partz, in 1854, stated that there 
were at least 200,000 bushels of tailings lying on the ground, which could 
be advantageously worked over a second time.* Later a mill was built a 
few hundred yards southeast of the vein, and the pile of tailings, which 
remains to this day, is mute evidence of an industry long since suspended. 
The property was closed down 5 or 6 years before the Civil War, and since 
that date active mining has not been resumed, but it is said that the old 
piles of tailings have been reworked at a profit, and $10,000 extracted 
from them. . 

Descriptive geology.—The London and Virginia “vein,” or “bed” as it 
has been variously called, has been opened up for practically the entire 
distance across the adjoining properties of the London and Virginia and 
the Buckingham mines, and there are numerous shafts and pits located 
along its line of strike for a distance of several miles. Since the greatest 
amount of development work has been done on the two properties above 
mentioned, and since the character of the ore and the structural relations 
of the enclosing country rocks are essentially identical wherever they have 
been observed; a single detailed description will suffice for both the London 
and Virginia and the Buckingham mines, and in the case of other 
properties located along the same vein only the variations from this 
description will be noted. 

The London and Virginia vein is situated in a series of fine-grained 
schists and schistose quartzites, all of which are probably sedimentary in 
origin. The formation has an average strike of N. 40° E. and dips at a 
steep angle toward the southeast, in places being practically vertical. 
While there are few outcrops in the vicinity of the mines, the material on 
the dumps and the rocks exposed in the open cuts, which are almost con- 
tinuous along the outcrop, together with the descriptions of the mines by 
Ansted, Henwood, and others, who examined them when they were 
accessible, furnish sufficient facts to make possible the drawing of general 
conclusions in regard to the character of the ore, and the relation of the 
ore deposit to the surrounding rocks. 

Henwood states that “a rather fissile and somewhat contorted clay- 
slate, of homogeneous texture and leaden hue—the lowest rock observed 
in the neighborhood—is succeeded by a narrow band of whitish quartzose 
mica-slate, frequently interspersed with tale [probably sericite]; the 


auriferous deposit which succeeds is overlaid by thin lamellar greenish- 
white chloritic talc-slate [| sericite-schist | now and then flecked with mica.” 





aPartz, A., Examinations and Explorations on the Gold-Bearing Belts of the 
Atlantic States, Mining Magazine, 1854, vol. ii, p. 380. 

bHenwood, W. J., Observations on Metalliferous Deposits, Trans. Royal Geol. 
Soe. of Cornwall, 1871, vol. viii, p. 376. 
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Fig. 17—Sketch of map showing surface geology and location of mines and pros- 
pects along the strike of the London and Virginia vein, in the vicinity of Dillwyn. 


A rock (Spec. 340) probably corresponding to the lead-colored slate 
mentioned above was found by the writer at the Buckingham mine, on 
the dump of a small pit which is located on the west side of the road 
crossing the property, and about 100 yards northeast of the outcrop of the 
vein. This rock is a chloritic schist varying somewhat in granularity but 
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usually fine-grained. The dominant type is a dark gray schist in which 
most of the minerals are too fine for megascopic identification, It is cut 
by frequent fracture lines along which a little epidotization has taken 
place. Sericite, quartz, and chlorite can be identified with the aid of a 
pocket lens, and the rock contains*much fine-grained magnetite, a little 
pyrite, and is closely sprinkled with small pink garnets, less than 0.5 mm. 
in diameter. 

Apparently the same chloritic schist as that just described crosses the 
road 125 yards northeast of Shepherd’s Crossroads. While much weathered 
at this point the rock does not appear to be more than 50 or 60 yards wide. 
Northwest of this bed no exposures were found but the residual decay 
indicates that, for some distance, the country rock is for the most part a 
light-colored quartz sericite schist. 

About 50 yards southeast of the rock described above, and 50 yards 
northwest from the outcrop of the vein, there is an old shaft or pit, now 
caved, but the dump contains some comparatively fresh rock (Spec. 341). 
It is a very fine-grained quartz-sericite schist, pure white in color, which 
breaks readily along the cleavage planes, exhibiting a bright lustrous 
surface due to minute flakes of sericite. The rock is cut in two or more 
directions by closely spaced joints that cut the planes of schistosity at an 
oblique angle. A few grains of opalescent quartz, 0.75 mm. in diameter, 
and very fine grains of pyrite are the only minerals that can be distin- 
guished megascopically. 

In thin section under the microscope the rock is seen to consist largely 
of small quartz grains, the spaces between them being filled with a clear 
colorless mineral without cleavage and having a much lower index of re- 
fraction than the quartz (probably albite or orthoclase feldspar). Small 
flakes of sericite occur, mostly segregated in separate bands. ‘There are 
also narrow bands or veinlets of quartz, slightly coarser grained than the 
rest of the rock, and the frequent association of these with pyrite suggests 
that they may in part be due to the circulation of solutions, rather than 
to recrystallization without migration of the mineral particles. Gas- and 
liquid-filled cavities are present in the larger quartz individuals. The 
pyrite ranges up to 0.2 mm. or over in diameter, but most of it is much 
finer. A little titanite is present in small grains. 

The quartz-sericite schist by decrease of sericite passes into a fine- 
grained schistose quartzite, which usually carries more or less sericite. 
In places the change from schist to quartzite is quite sharp, but the fact 
that the two rocks are contemporaneous and have had a similar origin 
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can not be doubted. In the vicinity of the vein both the quartzite and 
schist are heavily impregnated with pyrite. 

West of the vein, the rocks in places contain much magnetite. Some 
of the quartzite carries fine-grained magnetite and hematite, and on the 
surface, near the outcrop of the vein, pieces of biotite schist were found 
which contained numerous well-formed octahedra of magnetite. This rock 
is fine-grained, dark gray to black in color, and is composed for the most 
part of biotite, quartz, numerous reddish-brown garnets, and, in places, 
much magnetite in perfect octahedral crystals about 1 mm. in diameter. 
In the different lamine the proportion of these minerals varies somewhat 
and a little sericite may also be present. The rock is cut by a number 
of bands or veinlets of fine-grained quartz, which are usually parallel to 
the schistosity. , 

Southeast of Shepherd’s Crossroads 150 yards, a fine-grained sericite 
schist outcrops in the road. It has a strike of N. 40° E. and dips steeply 
to the southeast. The rock is composed essentially of fine-grained white 
sericite with little if any quartz, and contains numerous small iron-stained 
cavities left by the oxidation and removal of pyrite or magnetite. For a 
distance of several hundred yards southeast of this point, while there are 
no exposures, much magnetite is concentrated on the surface, and it has 
probably weathered out from magnetite-bearing schists essentially similar 
to those already mentioned. 

About 100 yards northwest of the vein, where it outcrops at the Buck- 
ingham mine, a diabase dike about 75 feet wide crosses the road in a 
northeast-southwest direction, but could not be traced for any great distance 
along the strike. A short distance west of the road a small pit furnishes 
exposures of the fresh rock. It is a coarse-grained, olivine-bearing rock, 
with marked ophitic texture. ‘The feldspars are 3 to 4 mm. long and 
twinning is easily detected with the naked eye. It is unlikely that this 
rock has in any way influenced the ore deposits. 

Description of vein.—Since most of the vein exposures have been 
rendered inaccessible through the caving of old workings it is not now 
possible to examine the ore-body in detail, but Henwood gives the follow- 
ing description: 

“The metalliferous bed, conforming to the dissimilar flexures of the 
rocks on opposite sides, varies in width from 3 to 20 feet on the northeast, 
but 4 to 5 only toward the southwest. The northeastern portion consists, 
near the surface, of granular, massive, and cellular quartz; sometimes 


embedded in, but frequently mingled with, earthy brown iron ore. ‘Traces 
of galena occur at intervals; and small drusy cavities often afford crystals 
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of the phosphate of lead and of selenite. The quartzose parts contain 
bodies of friable iron pyrites; of which the most deeply seated are the 
largest and most numerous. These . . . enclose isolated masses of 
copper-pyrites; invested occasionally with copper-glance, but more gen- 
erally with earthy black copper ore. The.southwestern portions include 
many unconnected, angular blocks of slate; of all which the composition 
resemble, and the planes of structure conform to, the compositions and 
structures of the rocks in their respective neighborhoods. Except in this 
particular, and that massive quartz is more abundant, the southwestern 
parts differ but little from the northeastern. . . . The earthy brown 
iron ore and the quartz are slightly auriferous when separate; but when 
united in certain manners and proportions—more easily recognized than 
described—they frequently enclose small nuggets, thin plates, and 
crystalline grains, united by threads of gold; which constitute from 
0.0000056 to 0.0000070 of the ore extracted.” 


According to Partz the oxidized or “soft ores” extended to a depth of 
20 to 40 feet “where the slate became hard and solid on account of the 
undecomposed auriferous pyrites in it”;° and Ansted states that “about 
80 feet down from the surface threads of copper ore were found consisting 
of copper pyrites mingled with iron pyrites which forms the staple.’’@ 

The sides of the old open cuts from which the ore was taken frequently 
furnish exposures of dark iron-stained quartzite, usually containing small 
cavities due to the removal of pyrite. At the Buckingham mine a large 
mass of this quartzite remains standing in the center of the opening, ore 
having been removed from either side, and the walls of the cut are of the 
same material. Where the surface has not been disturbed there are in 
places outcrops of quartzite in line of strike with the old workings. 

The ore found on the dumps and in the vicinity of the mine which 
came from the deeper workings is mostly fine-grained, white quartzite with 
more or less disseminated pyrite. White quartz-sericite schist similarly 
impregnated with pyrite also occurs, but does not appear to be as plentiful 
at the Buckingham and London and Virginia mines, as at some other 
localities along the strike of the vein. 


aThe following note is given by Henwood on page 376 of the publication 
previously cited: 
“This ore afforded 0.230000 its weight of copper 
0.001142 its weight of silver 
0.000060 its weight of gold 
Johnson and Matthey, Prospectus of the London and Virginia Company, p. 2.” 
bHenwood, W. J., Op. cit., pp. 376 and 379. 
cPartz, A., Op. cit., p. s7¥. 
dAnsted, D. T., The Alleghanies and the Gold District of Eastern Virginia in 
Scenery, Science and Art, London, 1854, p. 287. 
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A specimen (342) found on the dump at the Buckingham mine shows 
the quartzite in contact with the quartz-sericite schist. The quartzite is a 
white, fine-grained, even-granular rock, impregnated with fine crystals of 
pyrite; and a little sericite in minute flakes can be distinguished on 
fracture surfaces approximately parallel to the schistosity. The schist is 
composed of the same minerals as the quartzite, the difference being in 
their relative proportions; sericite is very prominent, though in this 
specimen quartz is probably the dominant mineral, and pyrite is more 
abundant than in the quartzite. The contact between the two rock types 
while slightly irregular is quite sharp, and makes an angle of about 40° 
with the schistosity of the rock. The pyrite is uniformly disseminated, 
except that it is more plentiful in the schist than in the quartzite, making 
up perhaps 10 or 15 per cent. of the former and not more than 4 or 5 per 
cent. of the latter. 

In thin section under the microscope the quartzite is seen to be com- 
posed of small clear, interlocking grains of quartz showing no optical 
distortion, idiomorphic crystals of pyrite ranging from dust-like particles 
up to crystals 1 mm. in diameter, and a few flakes of sericite. Occasional 
scattered crystals of orthoclase and acid plagioclase may be observed, and 
in places interstitial space between the quartz grains contains a light brown 
or colorless to cloudy mineral which is isotropic, and has a low index of 
refraction. It is probably some variety of opal. The quartzite has un- 
doubtedly undergone extensive recrystallization, and the pyrite which 
impregnates the rock is probably secondary, replacing some of the quartz. 

Only a very little massive vein quartz can be seen on the dumps, but 
several pieces of quartzite were found cut by small veinlets of massive 
quartz, ranging up to several inches in thickness. One specimen (343) 
shows a vein of massive quartz, 2 to 4 inches wide, which contains feldspar, 
nearly white in color with a slightly pinkish cast, and difficult to distin- 
guish at a glance from the quartz. ‘The feldspars occur partly in single 
individuals 1 to 2 mm. in diameter and partly in clusters having an area of 
2 cm. or more. Occasionally coarse multiple twinning can be distinguished 
with the naked eye. The quartzite and schist in contact with these veinlets 
are heavily impregnated with pyrite, but the vein quartz contains com- 
paratively little of this mineral. 

In addition to the minerals mentioned in the above descriptions, several 
others have been reported by various writers. Partz states that “in one 
pit we found several specimens of fibrous (asbestiform) actinolite. 
Specular ore of a great variety, in form and color, is frequently met with. 
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There were shown to us pretty specimens of heavy spar (sulphate of 
barytes) and talcite, taken also from these mines.””@ 


Genth found a mineral associated with quartz and auriferous pyrite in 
ore from the London and Virginia mine which in composition corresponds 
to tennantite, the analysis being closely similar to that of a specimen from 
the Jucud mines, given by Dana.” The description of the mineral as given 
by Genth is quoted below. 


“In granular masses; lustre metallic; color between iron-black and 
lead-gray; streak iron-black; opaque; H.=4. Very brittle; fracture 
uneven—subconchoidal. 

“B. B. in an open tube disengages sulphurous acid; and gives a 
sublimate of arsenious acid. On charcoal it emits fumes of an alliaceous 
odor, and fuses with intumescence to an iron-black, slightly magnetic 
globule, covering the charcoal with white incrustations. With fluxes it 
gives the reactions of copper and iron.” 


A preliminary analysis, made by dissolving the mineral in aqua regia, 
gave Mr. Wm. J. Taylor the following results :° 


Per cent 
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The Buckingham Mine. 


Location.—The Buckingham mine is situated three-quarters of a mile 
northwest of Dillwyn, and on the northeast it joins the property of the 
London and Virginia, both being located on the same vein. 

History.—In some of the earliest descriptions of this property it is 
referred to as the Wiseman mine. The Buckingham Gold Mining Company 
was organized to operate the property in 1853, and proceeded to develop 
the mine on a larger scale.4 The earliest work was limited to open cut 
mining and the surface openings were carried to a depth of 20 to 40 feet. 
Later 2 shafts were sunk and levels were driven to some extent along the 


aPartz, A., Op. cit.,; p. 379. 

bDana, E. 8., A System of Mineralogy, 6th ed., New York, 1892, p. 140. 

ecGenth, F. A., Contributions to Mineralogy, Amer. Jour. Sci., 2d ser., 1855, 
vol. xix, pp. 18-19. 

dWhitney, J. D., The Metallic Wealth of the United States, Philadelphia, 1854, 
p. 128. 
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vein, connecting through with the underground workings of the London 
and Virginia mine. The deepest shaft is said to have reached 180 feet, 
but practically all the ore mined came from the upper portions of the vein. 
It seems probable that two or more mills have been operated on the 
property, but the principal mill was located near the branch some distance 
northeast of the mine. The pile of tailings still in existence indicates that 
much ore was milled here. Austin writing in 1854 states that an average 
of 20 tons of ore were being crushed daily, yielding 130 dwt. of gold per 
day, and that during the previous year 1,500 ounces of gold were obtained 
from the mine. Mining operations ceased several years before the out- 
break of the Civil War and have not been resumed since that date. At 
present the shafts and underground workings are all caved, while the 
mills were destroyed years ago. 

One of the most noticeable features both at the Buckingham and the 
London and Virginia mines is the absence of large dumps of waste rock. 
Practically all the material taken from the mines appears to have been 
put through the mulls. 

(reology of the ore-body.—As the character of the ore and the geology 
of the deposit have already been referred to in describing the London 
and Virginia mine (see pp. 184-190) they will not be repeated here. 


The Williams Mine. 


Location.—The Wilhams mine is located at Shepherd’s Crossroads 
about a mile northwest of Dillwyn. It is less than three-quarters of a 
mile southwest of the principal workings at the Buckingham mine, and 
hes directly on the same line of strike (see map, p. 185). 

Description.—There are several old prospect pits in this vicinity and 
recently a shaft has been sunk to a depth of perhaps 50 feet. The dump 
is covered with white quartz-sericite schist impregnated with pyrite and 
is similar to that at the Buckingham mine already described. Only a very 
few small fragments of vein quartz are to be seen, indicating the presence 
of occasional veinlets, mostly less than an inch in thickness. Pieces of 
this quartz sometimes contain a little pyrite, chiefly along their edges. 
The recent work is said to have been done with the hope of developing a 
pyrite mine. Some of the material on the dump carries as high as 80 or 85 
per cent. pyrite. A thin section of this high-grade ore (Spec. 344) when 
examined under the microscope was found to consist of more or less idio- 
morphic crystals of pyrite, sericite, a few small grains of titanite, and 
little or no quartz. The pyrite seems to have replaced quartz in the sericite 
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schist in preference to the other minerals, chiefly sericite, the latter being 
affected little if at all. 

Passing southwest along the strike of the London and Virginia vein, 
old prospect pits, trenches, and a few shafts are found at short intervals 
for a distance of 10 or more miles, until the Bondurant mine is reached a 
short distance southwest of Andersonville. Most of this work was done 
over 50 years ago, and to-day the dumps are for the most part reduced to 
soil and overgrown with trees and bushes, so that there is very little to 
indicate the character of the materia] that was removed from the openings. 
The few written records of this early work confirm the data collected in 
the field, and indicate that the bed of quartzite, which where mineralized 
forms the greater part of the ore-body at the London and Virginia and 
Buckingham mines, is practically continuous throughout most of this 
distance. The quartzite varies somewhat in width and degree of mineral- 
ization, but is remarkably uniform in texture and appearance wherever 
observed. ‘The outcrops are usually stained with iron and the rock more 
or less porous from the oxidation of pyrite, but in most cases the sulphides 
could not have been so abundant as in the vicinity of the London and 
Virginia, and Buckingham mines. While gold is reported to have been 
found at many of these places, it is improbable that the values anywhere 
along this southern extension of the vein approach those obtained from 
the ores at the London and Virginia, and Buckingham, when these mines 
were being worked. At several of these properties surface washing has 
been attempted, but with little success, and no underground mining has 
been carried on. 

The Bondurant Mine. 


Location.—The Bondurant mine is located about a mile southwest of 
Andersonville and about 10 miles from Dillwyn. 

History.—Placer mining is said to have been conducted on this property 
as early as 1836, and some of the hillsides as well as the branches were 
washed for gold. A few years later it was leased from the owner, Mr. 
Bondurant, by Major Miller, who built a small stamp mill on the branch 
flowing through the property and worked a vein that outcrops on the hill 
about 400 feet to the south. A royalty of a tenth of the gold recovered 
was paid to the owner, and during the period of.10 months in which 
mining was carried on, he is said to have received $240. Credner visited 
the property in 1865 and writes that “two parallel veins, 30 feet distant 
from each other, have been opened by excavations 20 to 25 feet deep, and 
by two shafts, 35 and 45 feet deep, respectively. One of these veins is two 
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feet wide and the other four and a half feet. ‘They stand nearly vertical, 
cross the property for three-quarters of a mile, and carry sandy quartz 
with much oxide of iron and free gold. The ores were crushed in a stamp 
mill and amalgamated in arrastras; but tailings only now mark the place 
where these works stood.’’@ 

About 1875 a small stamp mill was operated on the property for a 
short time, with what results is not known. In 1901, a tunnel starting 
near the creek was driven southeast for a distance of 410 feet, connecting 
with three shafts having depths of 30, 40, and 71 feet, respectively, and 
from a point near its extremity a drive was opened for 96 feet southwest 
along a vein. Mr. Moore, who had charge of the work at the time, states 
that 5 parallel veins were encountered in the tunnel, the largest being 31 
feet thick while the others ranged from 3 to 8 feet, and that another vein 
was located by a test pit on the opposite side of the creek. He says that 
assays were obtained running as high as $65 per ton, the veins averaging 
$4.50 per ton in gold. 

Descriptive geology.—The few exposures observed in the vicinity of the 
Bondurant mine indicate that the country rocks are similar to those at the 
mines near Dillwyn, which have already been described in detail on pages 
184-187. Quartzite, frequently containing magnetite and specular hematite, 
is the chief rock found on the surface. When the property was visited by the 
writer in 1911 the greater part of the tunnel had been rendered inaccessible 
through caving, but the dump afforded much information concerning the 
character of the rocks. 

The so-called “veins” appear to be beds of quartzite, more or less 
mineralized and cut by occasional veinlets or stringers of massive crystalline 
quartz, which frequently contain large crystals of muscovite. A specimen 
(312) of the quartzite cut by small lenses and stringers of vein quartz is 
shown in fig. 18. The quartzite is white when fresh, fine-grained, even- 
granular, and slightly schistose, the schistosity being parallel to the bed- 
ding. Looking at a piece that has been fractured across the schistosity, 
the rock appears to consist entirely of quartz with a little fine-grained 
pyrite, but on a fracture parallel to the schistosity, much white, fine, scaly 
sericite is visible. Lenticular eyes and stringers of vein quartz occur 
parallel to the bedding and also cut directly across, as shown in fig. 18. 
Fine-grained pyrite, much of which is in such small particles as to be 
almost invisible to the naked eye, is disseminated through the quartzite, 








aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 72. 
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being somewhat more abundant along the principal bedding planes and in 
close proximity to the veinlets, but the impregnation with sulphides does 
not appear to be nearly so extensive here as at the London and Virginia, 
and Buckingham mines. 























2 Inches 


Fig. 18—Sketch of specimen showing quartz veinlets cutting across bedding and 
schistosity of quartzite, Bondurant Mine. 


The quartzite is interbedded with a fine-grained quartz-sericite schist, 
containing lenticular eyes of hght blue opalescent quartz ranging up to 
0.75 cm. in length. The folia of the schist are wrapped around these eyes 
giving a knotted or bird’s-eye maple like structure to the rock. Pieces of 
quartzite were found on the dump with the schist still adhering, and the 
contact between the two is not perfectly sharp but. shows some gradation. 
Another piece of schist contained interbedded layers of quartzite that were 
only a half to an inch in thickness. 

Some of the rock (Spec. 366) found on the dump is intermediate in 
composition between the typical quartz-sericite schist of the district and 
the quartzite. It is a fine-grained, close-textured, light gray schist, with a 
faintly greenish tinge due to microscopic flakes of chlorite and sericite. In 
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thin section under the microscope the minerals present, in the order of 
relative abundance, are quartz, pyrite in cubical crystals ranging up to 
about 0.5 mm. in diameter, smal] flakes of sericite and chlorite, a few 
grains of magnetite, and occasional inclusions of zircon and titanite. 

A little diabase (Spec. 368) was found on the dump. It is a fine- 
grained, close-textured, dark gray rock in which no olivine could be 
identified with the aid of a pocket lens. 


The Anderson Mine. 


Location.—The Anderson mine, located about a quarter of a mile south 
of Andersonville postoffice, lies just northeast of the Bondurant mine. 

Description.—The big bed of quartzite opened on the Bondurant can 
also be traced across this property by outcrops and old pits scattered along 
its line of strike. A shaft is said to have been sunk on the property to a 
depth of 50 feet, connecting with a tunnel 70 yards long, but both had 
caved before 1865, and to-day there is little trace of their former existence. 
A little placer washing was done in the branches soon after gold was 
discovered, but that is the extent of the mining operations conducted on 
this property. 

The Flood Mine. 


Location.—The Flood mine lies southwest of the Bondurant and is 
separated from it by Willis River. 

Description.—This property was formerly known as James Anderson’s 
mine, and a little placer washing in the branches is said to have been 
carried on soon after gold was discovered in the district, but with what 
success is not known. A shaft and tunnel were opened prior to the Civil 
War, but they have long since caved, and nothing is now known as to the 
character of the vein exposed. 


The Gilliam Mine. 


The Gilliam mine adjoins the Flood mine and is the most south- 
westerly opening on the bed of quartzite, apparently continuous for so 
many miles northeast of the property. Whether it stretches yet further to 
the southwest is not known. According to Credner, who examined the 
property in 1865, when the “vein” was exposed by 7 cuts and a shaft 20 
feet deep, the “vein” is standing vertical and has thinned to a width of 
only 4 feet. He states that the outcrop consists of brown oxide of iron 
with only a little quartz, which indicates that the quartzite is probably 
more heavily impregnated with pyrite than at the Bondurant mine. 
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The Burnett Mine. 


Location—The Burnett mine is situated on the London and Virginia 
vein about three-quarters of a mile northeast of the London and Virginia 
mine and 114 miles north of Dillwyn. 


History.—This property was formerly known as the Staples mine, and, 
when visited by Credner in 1865, there was a shaft 54 feet deep exposing 
“a multitude of lenticular quartz concretions in talcose | quartz-sericite | 
slate of bluish color which contain oxide of iron and free gold. ‘The bushel, 
or one hundred pounds of this ore, is worth one dollar.”* ‘The London 
and Virginia vein was not opened on this property until 1881, when the 
Burnett Mining and Milling Co. began development work. A shaft was 
sunk to a depth of 80 or 90 feet and a short tunnel driven from the south- 
west along the vein to connect with the shaft. There was another shaft a 
few yards northeast and a number of pits, all of which are now caved. 
The mine was worked during 1881, 1882, and a part of 1883, but has since 
been idle. ; 

A mill was located 300 to 400 yards west of the mine on the west side 
of a large branch. It consisted of 3 batteries of 4 stamps each. ‘The 
mortar boxes were of cast-iron, while the stamps had square wooden 
stems with cast-iron shoes. ‘The mill burned some years ago, but the 
charred stumps of the stems can still be seen standing in the batteries. 
There is quite a large tailings pile below the mill, but it is said that most 
of the ore milled was hauled from the London and Virginia mine. 


Descriptwe geology.—The country rock, as indicated by the dump and 
by rock in place in the shaft, is a white, lustrous quartz-sericite schist 
impregnated with fine-grained pyrite, similar in every way to the rock 
occurring on the northwest side of the vein at the Buckingham mine. The 
“vein,” exposed in the shaft, is a bed of quartzite 3 to 4 feet thick, having 
an approximate strike of N. 45° HK. and a dip that is vertical or steeply 
inclined toward the southeast. The quartzite is very schistose and con- 
tains considerable sericite. In most places near the surface it is colored 
dark brown by the oxidation of pyrite, which has left small cavities in 
the rock. This ore is similar to that at the London and Virginia and the 
vein has been traced from one mine to the other by means of surface cuts, 
outcrops, and float. 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 72. 
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The Hobson Tract. 


The Hobson tract, formerly known as the Morton mine, les between 
the Burnett mine and the London and Virginia. According to Credner 
a 40-foot shaft was sunk on the London and Virginia vein which here 
attains a width of 10 to 15 feet and exhibits the characteristic appearance 
of the quartzite where the pyrite has been thoroughly oxidized. ‘The vein 
has never been worked to any extent on this property. 


The Morton Mine. 


Location.—The Morton mine is located half a mile west of Johnson, a 
station on the Buckingham Branch of the Chesapeake and Ohio Railway, 
and is about 7 miles northeast of the London and Virginia mine. 

History.—This property was formerly known as the Hobson mine, and 
according to Pollard it was the first mine opened in the county. Surface 
washing was carried on in the early days. When the property was visited 
by Credner in 1865 three parallel veins had been opened to a depth of 25 
or 30 feet. He states that they are from 3 to 10 and in some places even 
20 feet wide, and consist of granular massive quartz carrying oxide of iron 
and free gold. One of these veins is said to be the continuation of the 
London and Virginia vein.* In 1906, two shafts, the deepest probably not 
more than 30 feet, were sunk on the property, but there is nothing on the 
dumps to indicate that either one struck a vein. When the writer visited 
the property in 1911 all openings had caved except the last mentioned 
shafts. There is an old dam on the small branch west of the shafts, and 
on the opposite side the ruins of a building, said to have been used in 
washing gold. A little water-worn gravel was found around the building. 

Geology.—The mine is situated in an area of quartzites and schists, 
lying just west of the Arvonia slate belt and in hne of strike with the 
London and Virginia mine which is 7 miles southwest. The two shafts 
sunk in 1906 were put down in a quartz porphyry, fresh specimens of 
which were exposed on the dump. 

The rock (Spec. 360) is light gray to nearly white, slightly schistose, 
and is composed for the most part of feldspar and quartz. Occasional 
eyes of light blue to colorless, opalescent quartz, ranging up to 0.75 em. 
in diameter, are distributed through the rock. A few grains of ilmenite 
and pyrite, and along cleavage planes a little sericite and chlorite make 
up the remaining constituents visible to the naked eye. In thin section 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 58. 
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under the microscope, the large quartz eyes are seen to be full of small 
zircon crystals, exceedingly minute rutile needles, and gas and liquid inclu- 
sions. The potash feldspars (orthoclase and microcline) are dominant 
over the soda-lime feldspar (albite-oligoclase or oligoclase) and _ ortho- 
clase is more abundant than microcline. ‘There is also much microperthite 
present in the slide. The minerals show no granulation and little if any 
optical distortion, but the feldspars show some alteration to sericite, and 
to calcite, while the ilmenite is partly altered to leucoxene. 

Between the Morton and the London and Virginia mine, and along 
the same general strike, a number of properties have been prospected by 
means of pits and surface cuts, but no regular mining, aside from placer 
washing, has been conducted on any of them. 

A property, formerly known as the Rough and Ready mine, adjoins 
the Morton mine on the southwest. At some time before the outbreak of 
the Civil War a shaft was sunk on a quartz vein carrying pyrite, and, in 
1879, a pit opened on the property is said to have exposed a vein 6 feet 
in width which showed gold on panning. 

On the Duncan tract, about 144 miles west of Alpha, the gravel deposits 
along the branches were formerly worked for goid and a vein on the 
property was prospected a little but never worked. 

Lying between the London and Virginia and the Duncan properties is 
a tract of land, which at different times has been known as Le Seur’s or 
Apperson’s mine, and on it a vein is said to have been explored and some 
ore raised before the war. Later prospecting was renewed, and in 1882 
Campbell writes that 3 veins were exposed. The first, measuring 10 to 15 
feet in width, consisted of a porous siliceous mass containing disseminated 
particles of gold. The second vein, about half a mile east of the first, was 
of whiter quartz but had not been well exposed. The third vein, which 
was still farther to the east, consisted of gold-bearing quartz disseminated 
in hard schistose rock lke that at the Morrow mine. 


The Morrow Mine. 


Location.—The Morrow mine is located about 314 miles southwest of 
Dillwyn and 2 miles east of Enonville. 

History.—lt was one of the first properties in Virginia on which under- 
ground mining was attempted and has had a long and varied history. 
When Prof. W. B. Rogers wrote his “Report of the Geological Recon- 








aCampbell, J. L., The Virginia Gold Belt near the Richmond and Alleghany 
R. R., The Virginias, 1882, vol. iii, p. 120. 
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noissance of the State of Virginia, 1835,” Booker’s mine, as it was then 
called, was already in active process of development. In its early history 
the property consisted of 2 separate mines on the same vein within 100 
yards of each other, which were worked by. W. M. Moseley and Co., and 
the Garnett Mining Co., respectively; but in 1852 they were consolidated 
under one management and incorporated under an act of the Virginia 
Legislature. For several years after this the property was controlled by 
an English company. In the early writings on geology and mining, the 
workings were usually referred to as the Garnett and Moseley mines, or the 
Booker mine, but since about 1880, when it was worked for a few years 
by the Morrow Mining Co., it has been known as the Morrow mine. 

Several mills have been built on the property and much money has 
been wasted through the installation of expensive machinery, which after 
little or no use was pulled out to make room for later inventions. While 
the Garnett and Moseley mines were being worked separately there were 
two smal] mills in operation. In 1854, soon after the English company 
had bought the mine, Mr. Partz® states that a new mill with 72 stamps 
was in operation, replacing the 24 stamps that had previously been em- 
ployed, and that the amalgamation was performed on two sets of shaking 
tables. When Credner visited the district in 1865 the mines were shut 
down, but he describes two mills he found on the property; one contain- 
ing 4 shaking tables, nearly new, and a very large ball-crusher which had 
not been used; the other with 12 batteries of 3 stamps each, 72 shaking 
tables,-arranged in 2 systems, and Chilian mills.? In later years, a How- 
land mill, consisting of a flat circular disk revolving in an iron shell, was 
used to pulverize the ore, and the sulphides were concentrated on 2 
vanners. An attempt was made in 1893-4 to treat the sulphides by the 
Mears chlorination process, but it is said to have failed because of mechan- 
ical defects in the process used, though a satisfactory extraction of the 
gold was obtained. In 1911 there was no mill on the property. 

Production.—Because of lack of records it is not possible to state the 
total amount of gold produced by this property. A prospectus of the 
Garnet Gold Mining Co., printed in 1852, gives the production of both 
mines for the previous year as follows: 


United States Mint receipts for gold........$25,007 .53 
Gold on hand and ore reserved as specimens... 1,500.00 
COTA Wide «RUE TTR E oaed ovunaag® wie SAN $26,507 .53 


aPartz, A., Examinations and Explorations on the Gold-Bearing Belts of the 
Atlantic States, Mng. Mag., 1854, vol. ii, p. 378. 

bCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer, Jour. Mng., 1868, vol. vi, p. 393. 

¢Froehling and Robertson, A Hand-Book on the Minerals and Mineral Resources 
of Virginia, 1904, p. 48. 
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Mr. W. J. Henwood gives the amount of gold derived from both mines 
for the years 1850-2 inclusive.@ 


Annual production of gold in pounds Troy. 








Year | Garnet: mine. | Moseley mine. 
L860); oo assiy sary MOR ee ae glee at aoe | Aes thy 97.92 
185157 2-8 ee es ee eee | 36.75 71.74 
1852).(8) months) 942 Giwiee etee Mee eee ae AVI | 6 ae EY) 





Over $60,000 is said to have been recovered from the placer washings near 
the veins. 

Underground development.—Before underground work was resorted 
to, most of the upper portion of the Booker vein was removed by open-cut 
surface mining down to a depth of 30 feet, and for a distance of over 400 
yards along the outcrop. By 1853, it is said that 5 shafts used for hoist- 
ing, ventilation, and pumping had been sunk to an average depth of 100 
feet, and connected by drives 350 feet in length. The vein had been proved 
for over half a mile by 4 or 5 shafts 30 to 50 feet deep, and by as many 
as 50 surface cuts.2 Later development work extended the underground 
workings, and a good deal of stoping was done, but none of the shafts 
seem to have been carried below 115 feet. When the property was visited 
in the summer of 1911, the openings had partly caved and none of them 
was accessible. 

Descriptwe geology—The Morrow mine is situated in an area of 
intensely metamorphosed schists and gneisses, which, for the most part, 
are probably derived from sedimentary rocks. At Tongue Quarter Creek 
about a mile southwest of the mine there is a large area of fine-grained, 
dark green, hornblende schists, and 2 miles southwest of the property are 
the bold outcrops of cyanite schist and quartzite that form Willis 
Mountain. 

In the immediate vicinity of the mine there are few rock exposures, 
but the old shaft dumps furnish much information concerning the char- 
acter of the country rock enclosing the ore deposits. These rocks are all 
schistose and usually show more or less banding; they range from light 
to dark gray and green in color, are usually garnetiferous, and frequently 
contain an abundance of calcium-iron carbonate, probably a variety of 
ferrocalcite. The latter mineral is finely crystalline and light brown in 








«Henwood, W. J., Observations on Metalliferous Deposits, Trans. Royal Geol. 
Soe. of Cornwall, 1871, vol. viii, p. 382. . 

bThe Garnet and Moseley Mines, Virginia (Reprinted from a paper by “The 
Editor,’ in the Richmond Hnquirer), Mining Mag., 1853, vol. i, pp. 164-167. 
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color when fresh, turning to dark brown on weathering; it effervesces very 
slowly in cold dilute hydrochloric acid, and on heating before the blowpipe 
becomes only slightly magnetic. Wet tests give heavy precipitates of cal- 
cium and iron, but little or no magnesium. 

A thin section was made from a light gray, gneissic rock in which the 
carbonate was particularly plentiful. Megascopically the rock (Spec. 378) 
shows imperfect banding of the light- and dark-colored minerals; the 
lighter bands being largely composed of carbonate and quartz, while in the 
dark ones biotite is a prominent constituent. White mica, pink garnets, 
and a few small grains of magnetite and pyrite may also be recognized. 
Under the microscope, carbonate is dominant in the thin section, with 
quartz, sericite, biotite, soda-lime feldspar (andesine ?), and garnet fol- 
lowing in the order named. Some of the quartz shows much optical 
distortion, but large clear grains of secondary quartz are also present. 
The feldspars are fresh and clear, and usually show multiple twinning 
after the albite law. The garnets show no suggestion of crystal form, and 
are simply granular aggregates, intermixed with the other minerals, 
principally carbonate. 

There is much light gray schist (Spec. 379) on the dumps, in which 
the principal constituents distinguishable without the aid of the microscope 
are fine-grained quartz, sericite, scattered flakes of biotite, averaging 1 mm. 
in diameter, and occasional eyes of opalescent quartz 5 or 6 mm. in 
diameter. 

Another rock type (Spec. 376) occurring on the dumps, is a dark green 
and reddish-brown gneiss in which most of the minerals (especially mica 
and garnet) are very largely concentrated in narrow bands or lenses. 
Megascopically, the following minerals can be distinguished: Biotite, in 
black flakes 0.5 to 1.5 mm. in diameter, which occur partly in narrow 
bands, the cleavage of the mica being at varying angles with the schistosity 
of the rock; garnet, in irregular lenticular masses 1 cm. or more in thick- 
ness; fine flakes of sericite and hght green chlorite; quartz; much fine- 
grained magnetite; and occasional feldspars, 1 to 1.5 mm. in diameter. 

In thin sections under the microscope, much feldspar can be distin- 
guished, partly a soda-lime feldspar with albite twinning, and partly a 
clear feldspar with low index of refraction and no twinning (albite or 
orthoclase). Much of the feldspar and quartz show optical distortion, and 
in places zonal extinction can be observed. In addition to the minerals 
already mentioned, much calcite was noted, and occasional fragments of 
zircon and titanite. Gas- and liquid-filled cavities occur in some of the 
quartz. 
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Dark green hornblende is present in part of the schists, and some 
pieces are heavily loaded with the sulphides, pyrite and pyrrhotite. Some 
of the pieces of schist and gneiss contain lenses or stringers of quartz and 
carbonate, usually with a little white mica; and there is a great deal of 
rock (Spec. 373) on one of the dumps, consisting of dark-colored, fine- 
grained schists, cut by numerous branching veinlets of quartz and car- 
bonate, with some muscovite and light green chlorite. These veinlets 
range up to several inches in thickness, and often make up as much as 50 
per cent. of the rock mass. This material is very similar to some of the 
“vein” stuff described by a number of geologists who have examined the 


underground workings. ‘Thus, Prof. Campbell states that, “the ‘vein,’ as 
it is called, in which work was going on [at the time of his visit in 1881 
or 1882], is at least 30 feet wide, and is composed of a schistose rock with 
injected quartz, forming in some places secondary veins and thin sheets, 
and at other points, apparently dispersed, with its accompanying auriferous 
pyrites, in the slaty beds of hard rock that make up the main mass of 
what is taken from the mine.” 





Fig. 19.—Section across the district worked for gold in the Morrow Mine. (After 
Ansted, Scenery, Science and Art, p. 289.) a, rotten schists with pipe clay; 
b, steatite; c, principal auriferous band called east vein; d, hornblendic rock; 
e, upper auriferous band (west vein); f, overlying beds. 


Prot. Ansted describes the “belt” of rocks in which the ore bodies occur 
and gives a geological section showing the structural relations of the rocks 
in their immediate vicinity. (See fig. 19.) His description is as follows: 


“The actual breadth of this belt I had no means of exactly ascertain- 
ing, but it certainly exceeds 200 yards, and is probably much greater. It 
is, however, subdivided, including distinct bands of mixed quartz threads 
and rotten red and yellow or greenish schists (a). On these repose bands 
of talcose or chloritic schist, which pass into an imperfect steatite (bd), 
occasionally used as a firestone to line furnaces. All these are on the east 
or lower side of the series. In the middle, between the two well-marked 
auriferous bands which next succeed, is a certain thickness of hornblendic 
greenstone (d) hard, and tolerably compact. The eastern auriferous band 
has been extensively worked at the surface.”? 








aCampbell, J. L., The Virginia Gold Belt near the Richmond and Alleghany 
Rk. R., The Virginias, 1882, vol. iii, pp. 120-121; Geology and Mineral Resources 
of the James River Valley, New York, 1882, pp. 99-106. F 

bAnsted, D. T., Scenery, Science and Art, London, 1854, Chap. 3, The Alleghanies 
and the Gold District of Eastern Virginia, pp. 289-290. 
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Henwood states that the rocks exposed in the mine contain “mica, talc 
[probably sericite], and chlorite in large but ever-varying proportions,” 
so that one or the other may dominate in laminz only a few inches apart, 
or even in different portions of the same rock layer.“ 

Besides the “principal bed,’ Henwood mentions four other “auriferous 
beds,” occurring in and immediately northwest of the mines, which 
“maintain tolerable parallelism; except where they are affected by unequal 
flexures of the adjoiing rock; to the schistose structure of which they 
strictly conform.” ‘They vary from 4 to 18 feet in maximum width, but 
average much less, and ‘“‘within short distances some of them divide, 
dwindle, and die away; occasionally, however, they reappear and again 
enlarge.” 

The slates beneath the “principal bed” dip northwest at an angle of 
40° to 60°, but those above preserve the same inclination to a depth of 
60 feet only, and thence downward dip 20° to 30°. As the hanging-wall 
or northwestern side recedes from the foot-wall, and the “auriferous bed” 
between them becomes broader, it encloses lengthwise a wedge-shaped mass 
of slate, which widening downward partakes in some measure of the mineral 
character of the surrounding “vein-stone,” 
with the neighboring rocks.° 


while in structure it coincides 


According to Prof. Ansted, “the enclosing rock, which within 20 feet 
of the surface is hardly to be distinguished from the vein, gradually 
changes below this point, and within a depth of 10 or 15 feet becomes a 
hard, compact talcose [probably quartz-sericite] schist, often containing 
fine garnets, and not infrequently iron pyrites. In this schist, at a small 
depth, are a multitude of quartz threads, and farther down these threads 
come together, forming a distinct quartz band, often enclosing portions of 
the schist. The gold disseminated indifferently near the surface, amongst 
the quartz, rotten schists and enclosing walls, gradually collects together 
into threads, usually ranging with the schistose portions within the quartz 
band. The walls are very distinctly marked, and easily separated, and are 
found to be no longer auriferous, while the quartz, of which the thickness 
amounts to 10 feet at a depth of about 100 feet from the surface, seems to 
increase continually in value.”¢ 


The appearance of the vein is shown in the generalized sketch (fig. 20), 
which is drawn from pieces of rock found on the dump, and is in accordance 
with the descriptions of several observers, who have examined the under- 
ground workings. 








aHenwood, W. J., Observations on Metalliferous Deposits, Trans. Royal Geol. 
Soe. of Cornwall, 1871, vol. viii, p. 379. 

bIbid., p. 380. 

eIbid., pp. 380-381. 

dAnsted, D. T., Op. cit., p. 290. 
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Henwood believes that there is a decrease in values with depth, and 
after calling attention to the gradual decrease in production for the years 
1850-52 (see p. 200), during which time approximately the same number 
of men were employed in extracting the ore, states that, “these results 
show the proportions of gold to have been larger in the shallower and 
narrower, than in the deeper, wider, and flatter parts of the principal bed.’’@ 

Selected samples are said to have carried 3 oz. 16 dwts. in gold, but ore 
from a depth of 90 feet in the Garnett mine yielded an average of 10.1 
dwt., and from the Moseley mine an average of 8.1 dwt.? 

Credner says that the gold-bearing beds are cut off by domes and ridges 
of diorite; but the mines were closed at the time of his visit in 1865, and 
he does not give his authority for this statement.¢ 

Placers.—During the early history of the property the placer deposits 
were much worked, and over $60,000 is said to have been recovered from 
the gravels near the veins. Henwood quotes Major Miller as writing that 
“a nugget of nearly 9 pounds, besides many masses of a few ounces each 
were mixed with grains of gold in the bed of a rivulet immediately south 
of the Garnett and Moseley mines.”¢ 


The Seay Mine. 


The Seay property adjoins the Morrow mine on the west, lying between 
it and Hnonville, and belongs to the same company. 

The placer gravels were washed for gold and several quartz veins con- 
taining pyrite and gold were opened by cuts and small shafts. There was 
a mill on the property before the Civil War, but little mining seems to 
have been done. After the war a shaft is said to have been sunk to a depth 
of 150 feet but nothing further was done. 


The Greeley Mine. 


Location.—The Greeley mine, lying on the headwaters of Hatcher Creek. 
is situated about 114 miles southeast of Alpha, a station on the Bucking- 
ham Branch of the Chesapeake and Ohio Railway, and a mile southwest of 
Gravel Hill. 

History—tThe placer deposits at the Greeley mine, formerly known as 
Ayres’ mine, were worked during the early days of gold mining in this 


aHenwood, W. J., Op. cit., pp. 282-283. 
bIbid., pp. 282-283. 

eCredner, H., Op. cit. 

dHenwood, W. J., Op. cit., p. 384. 
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county, and it is reported the branch gravels yielded much gold.  Pros- 
pecting has been carried on at various times in the endeavor to locate the 
vein from which the placer gravels derived their gold, and many pits, 
trenches, and shafts have been opened with this object in view, but to-day 
they are all caved. There are several large trenches, leading toward the 
top of a hill, the largest being 30 to 40 feet wide, about the same depth, 
and several hundred feet long in a northeast-southwest direction. While 
these trenches look rather large for the purpose, they are said to have been 
cut while prospecting for the vein. When Credner visited the mine in 
1865 a mill was being started, but it was probably never finished, and 
except for the placer washing no mining has been done on the property. 


Veins and country rock.—Several veins were located by open pits and 
one of them is reported to have carried free gold, but the vein quartz 
exposed when the property was visited by the writer showed little evidence 
of mineralization. 

The lack of outcrops on the property and in its immediate vicinity 
makes it difficult to draw conclusions in regard to the country rock. A 
few pieces of quartz-sericite schist are found on the surface, and at a 
distance of a mile or more northeast and southwest along the strike of the 
formations, schists and quartzites are exposed which apparently belong to 
the same series as the rocks in the bluffs near New Canton. 


One of the shafts is sunk in a gray granitic rock (quartz monzonite) 
which is distinctly schistose. The rock (Spec. 348) is fine-grained and 
even-granular, and a microscopic examination showed it to be composed 
of the following minerals, the order given being that of relative abundance: 
Quartz, biotite, feldspar, hornblende, calcite, garnet, chlorite, magnetite, 
zircon, and tourmaline. The feldspar corresponds to andesine in composi- 
tion and shows albite twinning, and orthoclase if present is rare. The 
biotite is dark brown in color with strong absorption. Hornblende occurs 
in light to dark green crystals, with ragged outline, and low interference 
colors. Calcite which is fairly abundant frequently shows multiple 
twinning. The garnets which are hight pink in color show ragged outlines 
and contain numerous inclusions of the other minerals. Both biotite and 
hornblende show alteration to chlorite which is dark green in color. 
Magnetite occurs in clusters of small grains and zircon is quite plentiful 
as inclusions. A prism of tourmaline is present in the slide. It is strongly 
pleochroic changing from reddish-brown to dark green. 

Much of the rock is cut by veinlets ranging up to 2 inches or more 
in width, but mostly less than an inch. In places calcite forms one side 
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and quartz the other of a veinlet, but usually they are intermixed, quartz 
occurring in calcite and calcite in quartz. Often the veinlets are much 
contorted, and again they branch and intersect. The contact between the 
rock and the veinlets is not always perfectly sharp but shows a slight 
gradation. Occasionally large crystals of muscovite 4 or 5 cm. in diameter 
are intercrystallized with the quartz and calcite. Where plentiful the 
flakes of muscovite meet one another at all angles, and the interstitial 
space is filled with quartz and calcite. Light-colored pyrite is present in 
the vicinity of some of the veinlets, occurring in cubes 2 to 3 mm. in 
diameter. 
The Lightfoot Mine. 


Location.—The Lightfoot mine is situated on the southeast side of 
Slate River, 2 miles north of Arvonia. 


History.—While this property is now better known as a copper mine 
(see p. 241) it was first worked for gold. It is said that the discovery of 
the mine was due to Geo. Fisher, who worked the property for several 
years under lease. After the expiration of his lease it was worked 
successively by three different companies, who leased it from the proprietor, 
Mr. Lightfoot. The first of these companies is reported to have made 
$300 to $400 per day stamp-milling for gold. The second company con- 
fined its work to surface washing, and the last company developed the 
copper deposits, shipping 100 tons of $80-ore to Baltimore, before the mine 
was closed by the outbreak of the war in 1861. Since that time no work 
has been done on the gold veins and at present there is little trace of these 
former operations. In working the placer deposits, gold nuggets worth 
$20 to $30 are said to have been found. 

Gold veins.—The country rock in this vicinity is a greenstone schist, 
which is described in detail on pages 49-51. Credner states that at the time 
of his visit, in 1865, two gold veins were exposed by pits and shafts which 
had partly caved. One of these was 4 feet wide and carried iron sulphide 
and free gold. 

Gold has also been found on the Ford property (see p. 243). 


CHAPTER VI. 
GENETIC RELATIONS OF THE GOLD DEPOSITS. 
| INTRODUCTION. 


The genesis of ore deposits has frequently been regarded as a question 
of scientific interest only, but with increasing knowledge of the subject it 
is beginning to be of great practical value from an economic standpoint. 
The unraveling of the structural relations of ore-bodies, particularly in 
regions of extensive faulting, has long been recognized as invaluable to 
the miner, and there is a growing appreciation of the importance of ore 
genesis. A thorough understanding of the mode of formation and of the 
subsequent alterations which may have enriched or impoverished an ore 
deposit, is the only logical basis on which it is possible to predict the 
continuity and character of the ore-body in depth, or to indicate the 
probable location of other deposits that may not be exposed. 


Previous Theories. 


The first geologists to study the gold-bearing veins in this district 
advanced two antagonistic theories to explain the formation and occurrence 
of the ore deposits, and both of these theories have had strong supporters. 
According to one theory, the veins were forcibly injected by igneous 
agencies into older rocks; and since the lines of least resistance were 
usually along planes of bedding and schistosity, the veins, as a rule, con- 
formed to the structure of the enclosing formations, although in places 
they split up and cut across. This explanation was advanced and sup- 
ported chiefly by Rogers (see page 10). The opposing theory was based 
on the assumption that the ore-bodies were layers or beds deposited 
contemporaneously with the enclosing rocks. This explanation as apphed 
to the origin of Virgina gold veins seems to have been advocated first by 
Clemson and Taylor®, and was later supported by Silliman, Ansted, 
Credner, and others. Most of these geologists seem to have ignored the 
fact that some of the veins in places cut across the bedding of the country 
rock, but others, following Ansted, attributed this anomaly to changes 
brought about by “chemical agency” or by a “process of segregation” 
(see p. 11). 


aClemson, T, G., and Taylor, R. C., The Gold Region of Virginia, Trans. Geol. 
Soe. Pa., 1835, vol. i, p. 309. 
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The facts established by the present report in many ways support the 
views advocated by Rogers but there are certain important exceptions 
which will be noted later. After examining, at the Tellurium mine, the 
bed of quartzite known as the “Big Sandstone” vein (see pp. 157-164), it is 
easy to understand how the early geologists came to regard the veins as 
sedimentary in origin, for this quartzite is at a glance closely similar to 
the auriferous quartz veinlets which it encloses. 


Types of Deposits. 


The primary gold deposits in this district may be divided into two 
principal types: (1) Veins accompanied by little or no replacement or 
impregnation of the wall rock, and (2) ore-deposits which have been 
formed chiefly through replacement—but there is apparently every grada- 
tion between the two extremes. Ores belonging to the first type consist 
essentially of quartz, with more or less feldspar and variable quantities 
of gold. ‘The sulphides, chiefly pyrite, are always present in small 
quantities, but seldom average more than 1 per cent. In the ores belonging 
to the second type, pyrite is the most important constituent and chal- 
copyrite it fairly common. ‘The veins belonging to the Tellurium system, 
particularly the “Middle” vein, may be mentioned as typical examples of 
the first class. The veins at the Young American mine are also of this 
type, for though there has been in places considerable mineralization of 
the wall rock, it is nowhere extensive, and is usually in the nature of 
silicification of the country rock. 

The typical replacement deposits were found only in the southern 
portion of the area in Buckingham County. The London and Virginia 
vein is an example of the latter class, and the New Canton ore-body 
probably represents an extreme variety of this type. Under a strictly 
logical treatment of the subject the genesis of the New Canton ores should 
probably be considered in this chapter, but because of their localization 
near an igneous contact, their insignificant gold content, and the fact 
that they have been worked chiefly for copper, it has been thought best to 
discuss them elsewhere (see pp. 257-259). 


MINERAL COMPOSITION OF THE VEINS. 


The consideration of minerals associated with gold is important, not 
only because of their possible value as indicators of the presence of the 
precious metal, but also for the reason that such minerals furnish the most 
reliable evidence bearing on the genesis of the ore-deposits. A. table, 
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summarizing the minerals which have been found in the gold-bearing 
veins of this district, is given below, together with the names of mines 
where they have been identified, and the authority for each instance cited. 
Both the minerals and the mines are listed in alphabetical order. The 
details in regard to any particular occurrence may be found under the 
description of the mine in chapter V. The table is limited to minerals 
found within the quartz veins, and no attempt has been made to list those 
occurring in the replacement deposits as that would necessarily include 
all minerals present in the wall rock. Common secondary minerals, un- 
doubtedly derived from one of the primary minerals listed, are also 
omitted. 


GENETIC RELATIONS OF 


THE GOLD DEPOSITS. BEL 


Inst of minerals in the gold veins of the James River basin area, Virginia. 
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in the gold veins of the James River basin area, Virginia— 
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Description of the Gangue Minerals. 


Quartz is always the most abundant gangue mineral. It varies from 
milky white and translucent to clear and glassy. It is coarsely crystalline, 
in places approaching saccharoidal in texture, and is apparently the same 
wherever it occurs in well-defined veins, lenses, or as a replacement mineral. 
Crystal faces are rare except along joint planes and in cavities left by the 
removal of pyrite, where they are probably due to the enlargement of 
primary individuals by deposition of a little secondary silica. Hxamined 
microscopically, the quartz frequently shows some optical distortion but 
httle or no granulation or other evidence of crushing. The individual 
grains have irregular interlocking boundaries and average from 1 to 3 mm. 
in diameter. Gas- and fluid-filled cavities are common, sometimes occurring 
in irregular branching and interlaced forms, but more often in smaller 
spherical and elliptical shapes, which are usually grouped in rows or planes 
that occasionally extend unbroken from one crystal individual to another. 

Feldspar is the second gangue mineral in relative abundance, having 
been identified in all veins that were well exposed, and in places constitutes 
as much as 10 per cent. of the vein material. It occurs in angular crystals, 
ranging up to 1 cm. or more in diameter, scattered through the quartz, 
but is usually much more plentiful near the walls of the veins. In some 
of the smaller veins, and in places where quartz lenses narrow and pinch 
out (see fig. 14), feldspar is sometimes for a limited distance practically 
the only constituent. When fresh, the feldspars are white to light yellow 
or light pink, and are often difficult to distinguish from the quartz without 
careful examination. In the upper portion of the veins above water level 
the feldspars seem to be entirely kaolinized, but wherever specimens could 
be obtained, sufficiently unaltered for identification by optical methods, 
they proved to be soda-lime plagioclase, ranging from albite-oligoclase to 
andesine. No orthoclase or albite could be distinguished in any of the 
veins. In thin sections under the microscope the feldspars commonly 
show albite twinning but many of them are entirely unstriated. There 
is no evidence of optical distortion, granulation, or other pressure effects. 
In places a little sericite is present as an alteration product of feldspar, 
occurring in clusters of curved and radiating scales, but kaolin is the chief 
secondary mineral. The feldspars are probably of earlier crystallization 
than most of the quartz. 

White potash mica is one of the important gangue minerals, apparently 
occurring in all of the veins. Some of it is in large flakes such as are 
usually called muscovite, while much is in the form of shreds and scales, 
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evidently secondary in origin, and commonly designated as  sericite. » 
Sericite is a prominent constituent of the wall rocks and is especially 
plentiful in some replacement deposits. 

Biotite and chlorite are frequently present in the veins, but their 
occurrence is such as to suggest that they were chiefly if not entirely 
formed from inclusions of country rock through alteration by vein-forming 
solutions. The chlorite is partly secondary after biotite and partly derived 
from hornblende; it is doubtful if any of it is an original constituent of 
the veins. Garnet and hornblende rarely occur within the quartz veins 
and where identified were found close to the walls. These four minerals 
are occasionally prominent in the wall rock, and their occurrence and 
distribution indicate that their formation was chiefly due to metamorphic 
agencies accompanying the formation of the veins. 

Black prisms of tourmaline, usually arranged in radiating groups, 
occur in some of the gold-bearing veins, and one specimen was found show- 
ing visible gold resting on tourmaline (see p. 131). ‘Tourmaline was seen 
in association with auriferous pyrite, and was also identified in a piece of 
vein quartz containing cyanite. ‘Tourmaline was not noted in any of the. 
veins containing much feldspar, and seems to be most plentiful in certain 
bold outcrops of white quartz, which show little evidence of mineralization 
and contain only traces of gold. 

Cyanite was identified in only one of the gold-bearing veins (see pp. 128- 
129), but was found in several quartz veins not known to contain gold. It 
was found in metamorphosed wall rock close to veins under conditions that 
indicate its origin was due to vein action. 


Description of the Ore Minerals. 


Gold occurs chiefly in quartz and mechanically enclosed in pyrite, 
always so far as known in the native state. In the oxidized ores it is 
frequently found in cavities associated with lmonite. It was seen in 
small scales, grains, and irregular wire-like masses ranging up to 3 mm. 
in length, and much larger particles have been reported from some veins. 
No evidence of crystal form could be distinguished. Gold was found in 
feldspar and in kaolin derived from feldspar. At the Young American 
mine the presence of chalcopyrite in the ore is considered a favorable 
indication. Gold was identified in association with tetradymite at the 
Young American mine, and at the Tellurium mine it is said to occur 
interfohated with that mineral. At the former mine gold was found 
resting on tourmaline. 
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Silver is usually present in traces, probably alloyed with the gold. It 
is said to be abundant in some of the ore at the London and Virginia mine, 
and argentiferous galena has been reported at the Page mine. 

Pyrite is the most abundant of the ore minerals and usually carries 
gold values. In veins belonging to the Gold Hall system it occurs in large 
cubes, 1 cm. or more in diameter, but elsewhere it is fine-grained. Cubes 
are the commonest crystal form, pyritohedrons are also present, and 
octahedral faces may occasionally be identified. The pyrite rarely con- 
stitutes any considerable proportion of the quartz veins, and where it is 
unusually abundant the gold content is apt to be higher. Occurring as a 
replacement mineral in the schists and quartzite it sometimes forms 90 
per cent. or more of the rock mass. At the Moss mine it occurs asso- 
ciated with tourmaline. Limonite is the common alteration product, and 
in places magnetite is associated with the pyrite in such way as to suggest 
its possible formation through partial oxidation of the sulphide. Un- 
stained quartz from the Gold Hill veins frequently contains large cubical 
cavities from which pyrite has been wholly or partly removed. ‘This 
phenomenon may be due to solution by ferric solutions or sulphuric acid 
instead of direct oxidation. Secondary sulphides occur along joint planes 
in some of the lowest workings. 

Pyrrhotite is not common and occurs chiefly in altered wall rock close 
to the veins. Chalcopyrite is the most abundant sulphide after pyrite, but 
is not an important constituent except in the replacement deposits, and 
there it is largely secondary, occurring chiefly in zones of enrichment near 
water level. Chalcocite has been identified only in replacement deposits 
and is probably all secondary. Galena and sphalerite are both rare. 

Tetradymite, a telluride of bismuth, is sparingly present.at two of the 
mines, and the failure to identify it elsewhere is probably due to the lack 
of sufficient exposures as much as to its rarity. While always occurring in 
small quantities this mineral has been identified at many gold mines in 
the eastern gold belt, and seems to be one of the distinctive minerals. 

Manganese minerals were not recognized in the unaltered ores below 
water level, but in the oxidized zone near the surface black stain (probably 
psiuiomelane) is common along joint planes and fractures. 


Summary. 


A number of the vein-forming minerals are of rare occurrence in gold- 
bearing deposits, and cyanite and soda-lime feldspar have not previously 


been reported. The character and association of many of the minerals are 
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indicative of deep-seated origin, under conditions of great pressure and 
high temperature. The presence of soda-lime feldspars in gold-quartz 
veins is of considerable importance because of its bearing on the theories 
of ore genesis. The occurrence of these feldspars as primary constituents 
in rocks has been considered the strongest evidence of igneous origin. 


GENESIS OF THE DEPOSITS. 


In presenting the data contained in the previous sections of this report, 
it has been assumed that the ores were deposited from aqueous solutions. 
This theory of vein formation is so well established that it is unnecessary 
to discuss it here. From facts which were developed in the detailed 
descriptions and which will later be assembled for further consideration, 
it is believed that the solutions were magmatic in origin. 

The theory of a magmatic origin for gold-quartz veins has been 
developed within the last 15 years by Vogt, Spurr, Kemp, and others. The 
formation of this class of veins is closely related to the formation of peg- 
matites—a question which has interested geologists for nearly a hundred 
years. It would be out of place in a report of this kind to enter into a 
detailed discussion of the voluminous literature bearing on the subject, 
but, for a proper understanding of the argument which follows, it is 
necessary to outline the theory of magmatic differentiation in so far as it 
applies to vein formation. 

The microscope has shown that in granites and similar rocks, the order 
of mineral crystallization is not that of relative fusibility; and synthetical 
experiments have proven that certain minerals always present in granites, 
can not be formed by dry fusion without the aid of water or other min- 
eralizers. These minerals are more abundant and better developed in 
pegmatites—rocks which accompany and in places pass by gradation into 
the large granite masses with which they are commonly associated. Not 
only has it been found that every intermediate gradation exists between 
granite and pegmatite, but that pegmatites, by decrease of feldspar, pass 
into quartz veins, apparently similar to those which are known to be 
deposited from circulating solutions. The microscopic study of granites 
in thin sections, together with chemical analyses, proves that the mineral 
constituents—especially quartz, the last to crystallize—contain inclusions 
of primary water which was imprisoned in the solidifying rock. It is be- 
heved that the original magmas, from which granites are formed, contain 
water and other gases, and that as crystallization progresses these are 
gradually concentrated in a residuum. Pegmatites, and later quartz veins, 
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are formed from this residual magma as it, through partial crystallization, 
becomes richer in water and relatively poorer in the minerals which are of 
early formation. In this process of differentiation it is impossible to draw 
sharp lines for, as Spurr states, “At one end of the series the true granites 
are not wholly igneous, and at the other end the quartz veins are not 
wholly aqueous. The processes which formed them all are nearer together 
than these terms signify.’’@ 

The veins considered in the present report appear to be farther removed 
from the aqueous end of the series, and more closely allied to pegmatites 
than any gold-bearing veins which have previously been described. The 
first part of this chapter dealt with the mineral constituents of the ore- 
deposits, the succeeding sections will be devoted to the nature of the vein- 
forming solutions, their source, the conditions governing ore-deposition, 
and the origin of the spaces occupied by the veins. 


Nature of the Solutions. 


The best information as to the nature of the ore-forming solutions is 
furnished by a consideration of the primary minerals in the veins and the 
character of the changes that have taken place in the wall rock, but the 
absence of a sufficient number of analyses of the vein material and of the 
country rock, make anything other than a general discussion of the subject 
impossible. 

Microscopic examination of the vein quartz shows that it contains 
numerous gas- and liquid-filled cavities, and while analyses of these fluids 
are not available, their composition may be inferred from that of similar 
inclusions in granitic quartz which have frequently been analyzed. Such 
inclusions have been found to consist chiefly of water containing alkaline 
salts and carbon dioxide. Experiments have proved that silica, gold, and 
the sulphides of arsenic, antimony, iron, copper, lead, and zinc, are soluble 
in waters containing carbonates and sulphides of the alkalies, and their 
solubility is probably much greater under the conditions of high tempera- 
ture and pressure which obtained in the ore-depositing solutions. 

The solutions must have carried large amounts of silica, and the pro- 
duction of feldspars and mica indicates that aluminum, sodium, calcium, 
and potassium were present in about the order named. The sulphides of 
iron, copper, zinc, and lead are all primary minerals, and were therefore 
essential constituents of the ore-forming solutions. Gold was also present 








aSpurr, J. E., Ore Deposits of the Silver Peak Quadrangle, Nevada, Prof. Paper, 
U. S. Geol. Survey, No. 55, 1906, p. 131. 
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and at least some of the solutions contained bismuth and tellurium. While 
carbonates were noted in only a few of the veins, carbon dioxide was 
probably a constant constituent. The mineral tourmaline, which is of rare 
occurrence in gold-bearing veins, contains boron, and some geologists 
have attributed to this element unusual properties as a mineralizing agent. 
Fluorine has been found necessary for the artificial production of mica, 
and Spurr has suggested that the alteration, near mineral veins, of ortho- 
clase to muscovite or sericite, is due to the presence of fluorine in the 
mineralizing waters.* The absence of orthoclase from the veins in which 
feldspars were identified, although a little potash mica is of common 
occurrence, indicates the possibility of some such action, but no fluorite, 
apatite, or other fluorine-bearing mineral was noted in any of the ore- 
deposits. 

The question of the degree of concentration which obtained in the ore- 
forming solutions is an interesting one, but until more experimental work 
has been done on the synthesis of vein minerals under varying conditions, 
it must, for the most part, remain unanswered. It is probable that under 
the unusually high pressures and temperatures, which are believed to have 
prevailed during ore-deposition, the concentration was relatively high— 
how high is not known. 

The presence of much soda-lime feldspar in some of the veins, and 
occasionally of the minerals, tourmaline and cyanite, point to unusual 
conditions in the formation of gold deposits. ‘The character and asso- 
ciation of these minerals, together with the extensive alteration of the wall 
rocks, are indicative of a deep-seated origin under conditions of high 
temperature and great pressure. The metamorphism of the wall rock in 
many places is similar to that produced by igneous intrusions, and is ac- 
companied by the production of such typical contact minerals as garnet, 
hornblende, biotite, sericite, tremolite, and cyanite. In view of these facts 
it seems unquestionable that the temperature and pressure must have been 
much higher than those which usually prevail during the formation of 
gold veins. With the present knowledge of the subject any estimate of the 
probable temperature and pressure of vein-forming solutions must neces- 
sarily be rough, but an attempt may be of value and serve to bring out 
additional data bearing on the question. 

Wright and Larsen, as a result of their investigations, reached the con- 
clusion that vein and geode quartzes and coarse-grained siliceous pegma- 








aSpurr, J. E., Geology of the Tonopah Mining District, Nevada, Prof. Paper, 
U. S. Geol. Survey, No. 42, 1905, p. 231. 
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tites were formed below 575° C., while graphic pegmatites, granites, and 
porphyries were in all probability crystallized above 575°.% If the same 
relation holds in regard to the gold veins described in this report, they 
must have been deposited at temperatures below 575° C., and from the 
metamorphic effects on the wall rocks and the character of some of the 
vein minerals, it is believed that the temperature of the vein-forming solu- 
tions was probably above the critical temperature of water, which is about 
365°. 

Becker, Graton, Lindgren, and others have recognized that. the southern 
gold veins originally extended far above their present outcrops and it has 
been estimated that a depth of possibly 15,000 or 20,000 feet may have 
been removed by erosion.” Taking the average specific gravity as 2.7, the 
rock pressures at these depths would be, respectively, 17,550 and 23,400 
pounds per square inch. From facts which will be considered in detail in 
discussing the origin of the spaces occupied by the veins, the writer believes 
that the veins were formed in the zone of fracture and flowage as defined 
by Van Hise. There is evidence that, at the time of vein formation, hard 
quartzites were deformed chiefly by fracturing, while the softer rocks with 
which they are interbedded, adjusted themselves to unequal strain by 
flowing. The schists exposed at the Tellurium mine are the weakest rocks 
found enclosing veins, and their crushing strength is probably greater than 
that of good roofing slates, for they have undergone greater recrystalliza- 
tion. The crushing strength of strong slates averages from 15,000 to over 
30,000 pounds per square inch. While the figures given above are only 
roughly approximate they serve to indicate the great pressures which pre- 
vailed during the formation of the veins. For the rocks under considera- 
tion the higher figure is probably more nearly correct. 


Source of the Material. 


The composition of the gold-bearing veins is independent of the charac- 
ter of the wall rock, which varies. greatly in different localities; and there- 
fore it is improbable that the vein material could have been derived from 
the enclosing formations. On the other hand, the composition and texture 
of some of the veins closely resemble that of pegmatites, and it is difficult, 
if not impossible, to account for the presence and association of such 
minerals as tourmaline, magnetite, ilmenite, and much soda-lime feldspar, 
on any hypothesis other than that of magmatic origin. 


aWright, F. E., and Larsen, E. S., Quartz as a Geologic Thermometer, Amer. 
Jour. Sci., 1907, vol. xxvii, pp. 446-47. 

bLindgren, W., Notes on the Dahlonega Mines, U. 8S. Geol. Survey, Bull. 293, 
1906, p. 124. 
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Additional evidence in favor of this hypothesis is furnished by the 
alteration of the wall rock, an alteration which in places resembles on a 
small scale the contact metamorphism produced elsewhere in the area by 
the intrusion of granite into older sedimentaries. The great depth at 
which the veins were formed and the conditions of high temperature and 
pressure which must have prevailed, have already been discussed. It is 
obvious that the solutions from which the ore-bodies crystallized must have 
originated at points of even higher pressure and higher temperature; for 
in moving upward the pressure would decrease, and some heat be expended 
in raising the temperature of the surrounding rocks. These conditions 
would be fulfilled if we assume the presence of an underlying mass of 
igneous rock, and this conclusion was reached by an entirely independent 
line of reasoning (see pp. 102-103). 

An examination of the geological maps (Pls. I and IL) shows that 
most of the gold-bearing veins are distributed in belts that roughly parallel 
the known contacts between intrusive granite and older sedimentaries. 
In the chapter on structure and metamorphism evidence was presented 
in support of the hypothesis that the veins are located chiefly along the 
limbs of anticlinal folds, and that the underlying granite extends highest 
in the crests of these folds. 

Another line of argument helping to prove a connection between the 
veins and granite is furnished by evidence bearing on their relative age— 
evidence which indicates that the formation of the veins marked the close 
of the period of granite intrusion and that they were not improbably 
contemporaneous in origin with the pegmatites and other residual 
differentiates. 

If the solutions that deposited the ore-bodies were derived by differ- 
entiation from the original granite magma, the granite itself would be 
expected to contain some gold, although the quantity might be so extremely 
small as to make its detection difficult and its quantitative determination 
impossible. Two samples of granite were tested in order to ascertain, if 
possible, the presence of any gold. One of these samples consisted of 
gneissic granite from the quarry at Columbia, and upon assaying it gave 
negative results. The other was obtained from an outcrop of weathered 
granite on the farm of H. Williams, one mile northeast of Rivanna Mills. 
After removing several inches of the partly decomposed rock in order to 
insure against possible contamination, an average sample was taken over 
an area of several square feet, and this was quartered down to give a final 
sample of about 5 pounds. A careful assay of this yielded 0.015 ounce 
of gold per ton, equivalent to about $0.31.¢ 


aThese two assays were made by E. E. Burlingame & Co., Denver, Colorado. 


GENETIC RELATIONS OF THE GOLD DEPOSITS. rye ke 


In prospecting for gold, a 15-foot shaft was sunk on a pegmatite dike, 
located about 400 yards north of the granite outcrop described above. The 
pegmatite is partly fine-grained, but contains large angular masses of 
quartz showing a little pyrite (see sketch, p. 74). Mr. Williams states 
that some of this quartz assayed nearly $3.00 gold per ton. 


The results given above prove that the granite does carry gold in places, 
and while it would be rash to draw conclusions without taking a large 
number of samples, it is interesting to note that the granite in which gold 
was identified, is the porphyritic variety showing only slight schistosity, 
and that it is located near the crest of the hypothetical anticline (see pp. 
98-99), at a point where the granite is believed to have been formerly covered 
by schists at no great distance above the present surface. 


Deposition of the Ores. 


The manner in which ores are deposited and the causes which bring 
about precipitation are of the utmost importance in any consideration of 
their genesis, but exact knowledge on this subject is as yet very limited. 
In this district, the inaccessibility of most of the underground workings, 
which confined the detailed examination of ore-bodies to a very few 
localities, and the lack of a sufficient number of analyses, necessitates that 
the discussion of this subject be extremely limited. 


The precipitation of ores from solution may be brought about by any 
one of the following causes, or by two or more of them acting together: 
(1) Change in temperature. 
(2) Change in pressure. 
(3) Change in chemical composition due to 
(a) loss of some substance from the solution; 
(b) mixture with other solutions; 
(c) reaction between the wall rock and solution. 


It has been shown that the temperature and pressure of the ore-bearing 
solutions must have been higher at the points of origin than they were 
where deposition took place. Decrease in temperature was probably the 
chief cause in bringing about the separation of the gangue minerals, and 
possibly of the ore minerals as well. The effect of changes in pressure is 
not so well known, but certainly in the case of quartz, decrease in pressure 
is an important factor in causing supersaturation. ‘The separation of some 
of the gangue minerals may have altered the composition of the solutions 
to such an extent that other minerals were thrown down. It is doubtful 
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whether the solutions mingled to any extent with other solutions differing 
in chemical composition, for meteoric waters could hardly be abundant at 
a depth where the pressure was sufficient to prevent the formation of 
appreciable openings. 

Reaction between solutions and wall rock seems to have been an 
extremely variable factor in the deposition of the ores, and while these 
variations may in part be explained by differences in the character of the 
wall rock, many things indicate that there was probably considerable 
difference in the composition of the ore-forming solutions in different 
parts of the district. North of James River there is little evidence of 
important changes in the chemical composition of the wall rock. In places 
there has been considerable metamorphism, resulting in recrystallization 
and the formation of new minerals, but the changes in chemical composi- 
tion are comparatively. slight, and are chiefly due to  silicification. 
Sulphides have replaced some of the minerals in the wall rocks but usually 
to a very limited extent. 

In some of the ore-deposits south of the river, such as the London and 
Virginia vein, chemical interchange between the solutions and wall rock 
has been of the utmost importance. Porous rocks are of course most readily 
penetrated by solutions, and this may help to explain the occurrence of the 
replacement deposits in quartzites and quartz schists. In these deposits 
the chief replacement mineral is pyrite. ‘The iron-bearing minerals in the 
country rock seem to have been attacked first, but in places practically all 
of the quartz has been replaced. Feldspars, if present, were altered to 
sericite, and this mineral is about the only gangue mineral left in some of 
the ores that are most concentrated. 

While nothing definite is known concerning the rate of ore deposition, 
the formation of the deposits was probably exceedingly slow and extended 
over a considerable period of time. This is indicated by facts connected 
with the probable manner in which the spaces occupied by the veins were 
formed—a question which is considered in detail in the following section. 


Origin of the Spaces Occupied by the Veins. 


Formerly it was generally believed that all true veins were deposited 
by aqueous solutions circulating through preéxisting fissures. That some 
veins were formed in such openings is indicated by the presence of 
symmetrical banding, comb structure, and similar evidence, but in recent 
years doubts have arisen as to whether all veins could have been formed in 
this manner. ‘The theory of replacement is applicable in many cases but 
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does not furnish a satisfactory explanation of the origin of veins which are 
accompanied by little or no replacement of the wall rock..: 

As early as 1898, Russell, in describing certain “brecciated veins,” 
stated that the separation of the rock fragments “seems to be due in part, 
at least, to the crystallizing of the quartz and calcite.” He suggests “that 
these minerals, in crystallizing, have exerted a force analogous to the 
expansion of water on freezing, which has crowded the rock fragments 
asunder.’’@ 

The fact that growing crystals exert a linear pressure in the direction 
in which they grow, was noted by Jean Lavalle in 1853,° but no quantitative 
experiments seem to have been attempted until Becker and Day began 
their investigations. In 1905, Becker and Day, as a result of their experi- 
ments, stated: “It was at once evident that it [the linear force of growing 
crystals] amounted to many pounds per square inch, and as observations 
multiplied, it became reasonably certain that it is actually of the same 
order of magnitude as the ascertained resistance which the crystals offered 
to crushing stresses.”° In conclusion they called attention to the geological 
importance of the force of crystallization and pointed out the possibility 
of its action in widening quartz veins. 

Graton, in studying the gold-quartz veins in North and South Carolina, 
reached the conclusion “that the solutions, pushing their way along what 
may in many cases have been the merest fractures, actually forced the 
walls apart and made receptacles in which their load was deposited.’’¢ 


Lindgren, advocating the explanation advanced by Graton as opposed 
to the hypothesis that veins could be formed through the force of crystal- 
lization, states that “it scarcely seems possible to attribute such power to 
it as would be necessary to force deep-seated crevices apart to form room 
for the crystals, and another strong objection is that it would seem im- 
possible that under these conditions comb structure and coarsely even- 
grained quartz could be produced.’”¢ 

The study of veins in the Virginia area, and especially of those 
exposed at the Tellurium mine, has convinced the writer that the force 


aRussell, I. C., A Preliminary Paper on the Geology of the Cascade Mountains 
in Northern Washington, 20th Ann. Rept. U. S. Geol. Survey, 1898-99, pt. ii, p. 207. 

bCompt. Rend., 1853, vol. xxxvi, p. 493. 

cBecker, G. F., and Day, A. L., The Linear Force of Growing Crystals, Proc. 
Washington Academy of Sciences, 1905, vol. vii, pp. 286-287. 

dGraton, L. C., Reconnaissance of Some Gold and Tin Deposits of the Southern 
Appalachians, U. S. Geol. Survey, Bull. 293, 1906, p. 60. 

eLindgren, W., The Relation of Ore-Deposition to Physical Conditions, Economic 
Geology, 1907, vol. ii, p. 107. 


224 GEOLOGY OF THE GOLD BELT IN THE JAMES RIVER BASIN. 


exerted by growing crystals must have been the chief factor in the forma- 
tion and enlargement of these gold-bearing veins. A discussion of the 
facts on which this conclusion is based, is given below. 

The “Middle” vein at the Tellurium mine consists of a series of lenses, 
varying in size, but remarkably symmetrical in form (see figs. 13-15). 
Horizontal sections through these lenses resemble the vertical sections in 
every way. The wall rock is a fine-grained, highly folated schist contain- 
ing scattered crystals of garnet, and closely approaches a slate in perfection 
of cleavage and fineness of texture. The schistosity is parallel to the 
bedding and older than the formation of the vein, which is conformable in 
strike and dip. Thirty feet northwest of the “Middle” vein the schist is 
interbedded with a layer of quartzite about 6 feet thick, known as the 
“Big Sandstone” vein. This quartzite is also shghtly schistose parallel to 
the bedding. It encloses veinlets similar in composition and texture to 
the ‘‘Middle” vein and evidently formed at the same time and in the same 
manner, but these veinlets frequently cut across the schistosity of the 
enclosing rock (see fig. 12). A detailed description of these veinlets and 
of the “Middle” vein, together with a petrographic description of the wall 
rocks, is given on pages 157 to 170. 

The fact that the veins of this district show practically no crushing or 
other evidence of deformation, although the surrounding country rock is 
intensely foliated, is sufficient proof of their formation since the crustal 
movements that produced the schistosity, and moreover in some of the 
harder rocks they occasionally cut directly across the prevailing schistosity. 

The space occupied by lenticular veins is sometimes accounted for on 
the supposition that displacement has occurred along an irregular fault, 
but in the case of veins lke the “Middle” vein, this explanation would be 
improbable, in view of the symmetrical shape of the lenses, which is the 
rule even where adjoining lenses differ greatly in size. This argument is 
confirmed by the fact that the folia of the enclosing schist, where in contact 
with the vein, conform absolutely to the curvature of the lenses. It may 
also be mentioned that single detached lenses are occasionally present near 
some of the veins (see Pl. X, fig. 2) and such occurrences can not be 
explained by any method of faulting. In passing away from the lenses 
the flexures in the schist gradually straighten, so that at a distance of 
about 2 feet the cleavage is straight and uniform. 

From the facts stated above, it is concluded that the ‘“‘Middle” vein 
could not have been formed in a preéxisting fissure, and since the contacts 
with the wall rock are sharp and without evidence of replacement, the 
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lenticular spaces must be due to pressure. That the rock pressure during 
vein-formation was greater than the crushing strength of the schist, is 
proved by the uniform curves of the folia—the schists have made room for 
the lenses by flowing and not by fracturing. The faint line connecting the 
lenses shows that the ore-bearing solutions, following the lines of least 
resistance, entered along the planes of bedding and cleavage; but great 
pressure was necessary to expand such microscopic openings into lenses 
2 or 3 feet in thickness.. How could such a pressure be developed ? 


There are two hypotheses that may be advanced to account for the 
existence of such pressure: (1) The ore-bearing solutions were forced in 
from below under sufficient pressure to push the walls apart, and (2) the 
pressure was exerted by the crystallization and growth of the vein-forming : 
minerals. 

The chief argument against the first hypothesis is the symmetrical and, 
in places, almost spherical shape of the lenses. If the expansion of the 
openings was due to fluid pressure exerted by the ore-bearing solutions, the 
pressure would necessarily have been equal at all points of contact between 
the fluid and the walls, except for the sight variations due to friction and 
difference in elevation. ‘The enclosing schists are apparently uniform in 
texture and composition, and therefore would offer uniform resistance to 
the fluid pressure at all points, except those lying in the plane of cleavage 
along which the solutions entered. Under these conditions very flat 
lenticular- or tabular-shaped openings must have been formed. In ex- 
plaining, by means of this hypothesis, the formation of a series of openings 
similar to the lenses shown in figs. 13 and 15, it would be necessary to 
assume the presence of areas of unusual weakness at every point where an 
enlargement of the vein occurred. Moreover, since most of these enlarge- 
ments are symmetrical, it would be necessary to assume that, at these 
points, there were similar areas of weakness on both sides of the cleavage 
plane. Such assumptions are almost inconceivable. 


Unless the spaces were filled by ore-deposition as soon as formed, the 
fluid pressure would have to be uniformly maintained in order to prevent 
the walls from collapsing. The great fluidity of the solutions is indicated 
by the microscopic size of some of the openings along which they entered. 
Additional evidence against the formation of the openings by fluid pressure 
is furnished by the existence of large lenses, consisting of a number of 
smaller quartz lenses separated by feldspar and layers of schist. (See 
fig. 14.) 

In a previous paragraph it was mentioned that the veinlets occurring 
in the bed of quartzite frequently cut across the schistosity. This is ex- 
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plained by the greater rigidity and more nearly massive texture of the 
quartzite which caused it to rupture under the forces of deformation while 
the weaker schist yielded by flowing. In other words, the rigidity of the 
quartzite under the conditions of vein-formation was probably greater than 
the rock pressure, while that of the schist was less. The line of least 
resistance for the ore-bearing solutions which entered the quartzite was 
frequently along minute fractures instead of along the poorly developed 
cleavage planes, and therefore the veinlets do not always conform to the 
structure of the enclosing rock. If the spaces occupied by the veins are 
due to fluid pressure, it is difficult to understand why veins a foot or more 
in width were formed in the quartzite, when the less rigid schist was present 
-on either side. Under these conditions veins might be expected along the 
contact between the quartzite and schist, or wholly within the schist, but 
not in the quartzite. 


In view of all of the facts outlined above, it seems very improbable, if 
not impossible, that the vein spaces could have been produced by fluid 
pressure and then filled by ore-deposition. 

According to the second hypothesis, the solutions entered along narrow 
openings—probably capillary or subcapillary in size—and while under 
pressure, the pressure was insufficient to expand the openings. Crystalliza- 
tion began at favorable points, possibly about grains of quartz, and as the 
crystals grew, the walls were locally pushed aside. At first a growing lens 
may have consisted of a single crystal, but as the folia began to separate, 
others would form in the space created immediately around the original 
crystal, where the pressure was lowered by its supporting effect. Since the 
resisting pressure was equal on opposite sides of the cleavage plane the 
growth would be symmetrical with reference to that plane. When once 
started a lens would continue to grow as long as the material for growth 
was available. 

There are many points of similarity between the formation of these 
Jenses and the growth of chert concretions in limestones, or of garnets and 
similar pseudophenocrysts in fine-grained schists. The localization of 
growth is probably due to the physico-chemical law by which solutions 
become supersaturated with respect to large crystals, while at the same 
time they may exert a solvent action on small crystals of the same 
substance. 

When individual crystals are enlarged their shape is controlled by the 
tendency to form crystal faces, by the external forces resisting growth, and 
by the accessibility of the material from which they are composed. When 
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masses, consisting of numerous crystals, are enlarged by crystal growth, 
the resulting shape is controlled chiefly by the forces resisting expansion. 
The schist enclosing the lenses described above has a much greater tensile 
strength parallel to the schistosity than across it, and the folia offer con- 
siderable resistance to rupture, even when the rock is under sufficient 
pressure to make it more or less plastic. ‘The resistance offered by these 
folia to the enlargement of the ore-bodies is somewhat analogous to surface 
tension, which in liquids causes the assumption of shapes giving a maxi- 





Fig. 21.—Sketch showing recrystallization of quartz about garnets which are of 
later origin than the foliation of the schist. Thin section cut at right angle to 
cleavage. With analyzer. Q, quartz; M, mica; G, garnet. Enlarged about 
20 diameters. 

mum volume for a minimum exposure of surface. The solubility of quartz 
decreases with decrease in pressure and supersaturation is reached first 
where the pressure is lowest. If the resistance to growth were equal in 
all directions spherical bodies would be formed instead of lenses, and under 
any given condition the shape produced is that shape which requires the 
least expenditure of energy. 


) 
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The fact that difference in pressure may be an important factor in 
determining the location of crystal growth, is strikingly illustrated by the 
recrystallization of quartz around the garnets occurring as pseudopheno- 
erysts in the knotted schists of the area. ‘These schists form the wall rock 
of the “Middle” vein, and it should be noted that where this variety of 
garnet schist has been found elsewhere in the area, it occurs only in the 
immediate vicinity of granite contacts. The garnets are of later origin 





Fig. 22.—Sketch showing radial arrangement of quartz in garnetiferous schist. Thin 
section cut parallel to cleavage. With analyzer. Q, quartz; M, mica; G, garnet. 
Enlarged about 15 diameters. 


than the schistosity of the rock, and it is believed that their formation in 
the schist at the Tellurium mine, is due to the close proximity of granite 
rather than the metamorphic action of the vein-forming solutions. In 
either case their origin must have been practically contemporaneous with 
the formation of the veins. Under the microscope the schists are seen 
to consist essentially of elongated quartz grains and small flakes of mica, 
the two minerals being interleaved to form thin layers or imperfect alter- 
nating bands. The garnets in their growth have pushed the folia aside, 
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and opposite the points of greatest pressure the mica bands run closer 
together, while the quartz removed from these points has recrystallized 
between the folia and close to the garnets where the pressure was least. 
(See fig. 21.) The transfer of the material was undoubtedly due to the 
small amount of water present in the rock; solution occurred where the 
pressure was greatest and deposition where it was least. In recrystallizing 
the quartz grains were roughly oriented so that their greater elongation 
points toward and away from the garnets. (See fig. 22.) 

The partial concentration of feldspar near the ends of quartz lenses, 
and in small separate lenses practically free from quartz, is caused by the 
selective power which enables a growing crystal to abstract from solutions 
material like itself; and this may be taken as additional evidence in favor 
of the second hypothesis. 

An examination of the lenticular veins show that in some instances 
neighboring lenses in expanding have grown into one another so as to form 
double lenses, and it is not unlikely that other occurrences of this sort have 
disappeared through continued growth. The large lenses composed of 
smaller ones, such as the occurrence shown in fig. 14, were probably caused 
by the circulation of the ore-forming solutions along several adjoining 
cleavage planes at the same time, thus permitting the simultaneous growth 
of lenses at a number of points close together. An alternative hypothesis 
is that the solutions were deflected into new channels after a lens had been 
formed causing subsequent deposition to take place about other nuclei 
located between adjacent folia. 

In describing the veinlets occurring in the quartzite, reference was 
made to the absence of the symmetrical lenses which are characteristic of 
the vein in the schist. This difference in the shape of the ore-bodies is 
probably chiefly due to the difference in texture and rigidity of the two 
varieties of wall rock. If crystallization began at separate points along 
the fractures in the quartzite and exerted a force tending to open spaces, 
the rigidity of the rock was sufficient to cause the walls to separate for an 
appreciable distance beyond the points where the pressure was applied. 
Any openings formed in this way were filled by deposition from the solu- 
tions, and therefore the tendency was to form veins without important 
variations in width. In other words, rigidity of the wall rock under the 
conditions of ore-deposition is an essential factor in the formation of veins 
having a uniform width. This is another illustration of the law controlling 
the growth of bodies by crystallization, in opposition to outside forces. 

The composition of the quartzite has probably aided in producing uni- 
formity in the growth of the veins which it encloses, and this may have 
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been of as much importance as the rigidity. Since the quartzite 1s com- 
posed almost entirely of quartz grains, the walls of the fractures would 
furnish innumerable nuclei on which the vein quartz could separate out. 
In thin sections showing the contact between the quartzite and vein quartz, 
when examined under the microscope, it may be seen that the quartzite 
grains along the contact have been enlarged, and that there is therefore 
a gradation instead of a sharp division in passing from one to the other. 


Under the conditions which prevailed during the vein-formation, the 
gneiss, which forms the wall rock at the Young American mine, appears 
to have been intermediate in rigidity between the quartzite and knotted 
schist described above. It was folded and contorted by movements pre- 
ceding the deposition of the ores, and adjustment took place partly by 
flowing and partly by minor faulting along fractures and shear zones. The 
vein-forming solutions entered along these lines of weakness and the en- 
largement of the openings was brought about by the same causes that 
operated at the Tellurium. In the gneiss, most of the small quartz masses 
and some of the larger ones are lenticular in form, but these lenses are 
flatter and as a rule less symmetrical than those of the “Middle” vein at 
the Tellurium. They are most plentiful in some of the shear zones. (See 
fig. 9, p. 180, and Pl. X, fig. 2.) 

The hypothesis that vein spaces may be enlarged through the force 
exerted by growing crystals, furnishes a logical explanation for the 
presence of numerous detached fragments of the country rock in the veins 
of some districts. ‘These occurrences have usually been explained on the 
supposition that the veins were deposited in preéxisting fissures, and that 
the inclusions represent fragments which have fallen from the walls. That 
this is sometimes true can not be questioned, though it seems probable that 
such cases are relatively rare. Where the country rock has been shattered 
so that numerous small fractures are formed, ore-deposition may take place 
in any number of them at the same time, and as the veinlets grow the 
individual fragments of country rock are gradually separated. According 
to this hypothesis of vein-formation there is no essential difference between 
the cementation of many breccias and the formation of branching or reticu- 
lated veins. 'The processes by which both are formed are exactly the sam 
and differ only in degree. 

At the Morrow mine, in Buckingham County, ore-deposition seems to 
have occurred in a zone of fracturing; in places the ore-body consists of 
vein matter with minor inclusions from the walls, while elsewhere the ore 
occurs in reticulated veinlets which ramify in all directions through the 
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barren schists that form the country rock. All gradations exist between 
these two extremes. (See fig. 20, p. 204.) The detached masses of 
country rock have apparently reached their present positions without 
noticeable rotation, for as a rule the schistosity of the inclusions is parallel 
to that of the neighboring walls. 

The localization of the veins of this district in or near the more rigid 
rocks, especially quartzites, is very noticeable, and may indicate that at 
greater depth where the pressure was necessarily greater the solutions were 
unable to force their way through the fine-grained and more plastic rocks. 
The greater porosity of the quartzites may also have been a factor. 


General Conclusions as to the Origin of the Gold Deposits. 


The primary gold deposits of this area, while varying somewhat in gen- 
eral character, are all intimately related, and owe their origin to the same 
cause, namely, the intrusion of granitic rocks into the older sedimentaries. 
They are of two types—quartz veins and replacement deposits—with inter- 
mediate gradations between the two extremes. ‘The ores were deposited 
from highly siliceous and alkaline solutions which ascended from below 
under great pressure and high temperature. The solutions were magmatic 
in origin and residual from the crystallization of the underlying granite. 
This conclusion is borne out by the grouping of the ore-deposits around 
granite contacts; by the presence and association in the veins of soda-lime 
feldspar, tourmaline, magnetite, and ilmenite; by the metamorphism of 
the wall rocks with the production of such typical contact minerals as 
garnet, hornblende, biotite, sericite, tremolite, and cyanite; by the presence 
of gold in the granite and its associated pegmatites; and by the evidence 
as to the relative age of the granites, pegmatites, and veins. It is believed 
that the precipitation of the ores was due chiefly to decrease in temperature 
and pressure, though in the replacement deposits interchange of material 
between the solutions and country rock was an important and perhaps 
the principal factor. 

The ores were deposited at great depths below the surface where the 
pressure of the overlying rock was sufficient to prevent the formation of 
open spaces appreciable in size. The solutions forced their way upward 
along cleavage planes and, in the more rigid rocks, along minute fractures. 
When deposition began these spaces were gradually expanded by the force 
of crystallization. The formation of the replacement deposits was probably 
due to differences in the ore-bearing solutions, but the character of the 
country rock may have had a determining influence. 
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The veins in this district differ markedly from the typical auriferous 
quartz veins of California, which many geologists regard as having been 
formed by magmatic waters derived from cooling granites. The California 
veins are much later in origin, have been subjected to less erosion, and 
therefore their present outcrops were much nearer the surface when ore- 
deposition took place. This suggests that many of the distinguishing char- 
acteristics of the two types are due to the depth below the surface at which 
the veins were formed. It is not improbable that at greater depth the 
California veins more closely resemble the gold deposits described in the 
present report, and that the upper portions of the Virginia veins, long 
since removed by erosion, were in many respects similar to the veins which 
are now being worked for gold in California. 


SECONDARY ENRICHMENT. 


The distribution of the gold in the ore-deposits is a question of great 
economic importance, and it is regretted that so little is known concerning 
the subject. The lack of sufficient development work at any of the mines, 
which were accessible when the area was studied by the writer, makes it 
impossible to reach definite conclusions in regard to secondary enrichment, 
and therefore the following discussion is necessarily brief. 

The facts gathered indicate that the gold is very irregularly distributed 
through the veins. There appear to be more or less well-defined pockets 
or ore shoots of relatively rich ore, but the size and distribution of these 
is unknown. It is probable that the values vary from point to point in 
depth as well as along the strike of the veins, and this increases the difficulty 
of ascertaining the extent to which secondary enrichment has been a factor 
in determining the present value and distribution of the ores. 

It seems unquestionable that the veins were much richer near their 
outcrops than they are at even a short distance below the surface. The 
greater production of the mines when they were first worked can not be 
attributed solely to the fact that the ores were oxidized, and therefore free- 
milling, for the reports of such reliable observers as Silliman, Ansted, and 
Henwood, furnish evidence of the unusual richness of the veins when the 
mines were first opened. Henwood, in describing the Morrow mine, ex- 
pressed his belief that the gold values decreased in depth (see p. 205), and 
cited the statistics of production in support of this contention. Ansted, in 
his report on the same property, mentions that near the surface the gold 
is indifferently disseminated through the quartz, rotten schists, and enclos- 
ing walls, while deeper down it gradually collects together and is found 
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chiefly within the quartz bands. This local enrichment of the vein and 
wall rock near the surface, is probably due chiefly to the mechanical con- 
centration of some of the gold formerly contained in the now eroded por- 
tions of the ore-bodies, though it is not unlikely that chemical processes 
have aided in the concentration. Gold is one of the most insoluble sub- 
stances found in nature, but the long period during which erosion has been 
almost at a standstill has given every opportunity for concentration to take 
place through solution and redeposition. Most of the gold that may have 
been dissolved in this manner was probably reprecipitated before it had 
been carried far, for precipitating agents were plentiful. 

In some of the deeper openings which extended below the oxidized 
zone, secondary pyrite is found occurring along joint planes and fractures, 
but the development work is insufficient to determine whether or not there 
has been any enrichment of the gold values at this depth. 


AGE OF THE ORE-DEPOSITS. 


Geologists have usually assumed that all the primary gold deposits in 
the Southern Appalachian region belong to the same metallogenetic epoch. 
While it is not improbable that this is true, it has not, as yet, been estab- 
lished by sufficient detailed geological work. Many of the older geologists 
considered the veins contemporaneous with the enclosing rocks which were 
classified as “primary.” Becker and most of the recent workers have placed 
the deposits in the pre-Cambrian. 

The veins in the district covered by the present report, were formed 
after the intrusion of the granite, and probably represent the final stage 
in the period of igneous activity which preceded their deposition. ‘They 
show no evidence of having been subjected to the great crustal movements 
which so intensely metamorphosed the enclosing sedimentary rocks and 
even the massive granites. ‘These movements were provably inaugurated 
and the sedimentaries rendered schistose prior to the intrusion of the 
granites with which they are in contact. The well-developed schistosity of 
most of the granitic rocks is evidence that the movements continued 
throughout the greater part of the period covered by their intrusion. The 
porphyritic facies of the granite show decreasing pressure effects and many 
of the pegmatites are practically massive. ‘These facts are discussed at 
greater length in the chapter on structure and metamorphism. 

The profound changes to which the ore-bearing formations were sub- 
jected prior to the intrusion of the granite, indicate that a considerable 
time interval must have intervened between the deposition of the sedi- 
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ments and the formation of the veins; and this together with the lack of 
important crushing, or other evidence of disturbance in the quartz veins, 
suggests that they are later than pre-Cambrian in age. 

Subsequent to the intrusion of the granite and the formation of the 
gold veins, sufficient time elapsed for erosion to remove the overlying 
material and expose the deep-seated granite, before the surface was again 
depressed to receive the sediments of late Ordovician time. ‘The Arvonia 
slates, which are known to be Cincinnatian in age, were laid down on the 
older schists and in places on granite which is only slightly schistose. 
Therefore even the granites which were last to solidify are older than 
Cincinnatian in age. The slight evidence of dynamic metamorphism ex- 
hibited by the gold-bearing veins was probably induced by the movements 
which elevated and folded the Ordovician sediments. 

A consideration of the facts outlined above makes it appear reasonably 
certain that the primary gold deposits in the James River basin are older 
than Cincinnatian in age, and they are probably younger than pre- 
Cambrian. Until further evidence is available, the writer is of the opinion 
that the veins should be classified as Cambrian. 


CHAPTER VIL. 
PLACERS. 


Gold has been found in the gravels of all streams that cross the gold- 
bearing rocks of this area, and also in certain ancient stream gravels that 
are now located high above the neighboring water-courses. Most of these 
“branch” gravels, as they are locally called, have been worked, and some 
of them reworked a second time in order to recover the precious metal which 
they contained. Gold also occurs, concentrated in considerable quantity, 
in the accumulations of residual decay overlying the gold-bearing veins 
and in their immediate vicinity, and such deposits have been profitably 
worked in a number of places. 

When the gold-bearing veins and the enclosing country rocks were 
exposed by denudation to the chemical and mechanical action of the agents 
of erosion, the slow process of concentrating the heavier and more resistant 
constituents into the placer deposits began, and this has been in continuous 
operation ever since. ‘The minerals with least resistance are attacked first, 
their decomposition making easier the disintegration of the remainder, 
and under this process the rocks slowly go to pieces. If the products of 
weathering collect faster than the streams can transport them, deep 
residual soils are gradually formed. Of the common minerals, quartz is 
the hardest, the least soluble, and does not undergo chemical decomposi- 
tion; and since.it is the principal vein-forming mineral, the veins usually 
extend for some: distance above hard rock into the overlying mantle of 
residual decay, but frost and plant roots step by step break up even the 
larger veins and add their constituents to the soil. 

With the breaking down of the rocks and the formation of disintegrated 
material, the next step in the process of concentration is that of sorting 
and transportation. Expansion and contraction, due to changes in 
temperature and to freezing and thawing where water is present, cause 
the soils to gradually creep down hill. ‘The wash of rain water aids in 
this slow movement by carrying off the lighter particles, while the heavier 
fragments lag behind. In this way a partial concentration of the heavier 
constituents in the residual decay is brought about, and as gold has a very 
high density and is relatively insoluble, it frequently occurs in considerable 
quantity in the decomposed material lying vertically above gold-bearing 
veins, and along the hill slopes immediately below them. The gold found 
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in such localities has not traveled far and is therefore comparatively rough 
and angular, while the quartz and other rock fragments which may accom- 
pany it do not show the rounded waterworn surfaces of stream gravel. 
Deposits of this nature have been worked in a number of places, notably 
at the Tellurium and Waller mines where they are said to have been 
very rich. 

The slow creep of the soil and occasional heavy rains gradually bring 
the products of disintegration within reach of running streams, which 
continue the work of concentration, but here an additional process is 
brought into play—that of abrasion. The swiftly flowing streams rapidly 
remove the finer sediments in suspension while the heavier fragments are 
rolled along more slowly by the current, constantly striking and grinding 
against one another. ‘This continual impact and friction, in time, is 
sufficient to wear away the toughest rocks, and quartz while hard is rather 
brittle. The gold, being malleable, escapes most of this comminution, and 
because of its high specific gravity settles through the sand and gravel 
until it finds lodgment close to bedrock. In this manner the placer 
deposits are gradually formed in the stream beds. 


If for any cause the course of a stream is changed, the placer gravels 
which have been formed in its bed may remain as deposits of dry gravel 
which, as the stream deepens its channel, are left high above the water 
level. Placer gravels of this type were at one time extensively worked 
on the Collins place, a mile northeast of Lantana. 

As a result of the hammering which they have undergone, the gold 
nuggets found in placer deposits are smooth and rounded, differing in this 
respect from those found closer to the original vein deposits. The placer 
gold is, moreover, somewhat purer or of a higher degree of fineness than 
the vein gold, for during the long time in which it has been subjected to 
the oxidizing and solvent action of the agents of weathering, impurities 
have been largely removed. In other words, the gold has passed through a 
sort of natural refining process as well as one of concentration. 


The unusual richness of the branch gravels as compared with the 
original vein deposits from which they were derived is due to the great 
length of time in which the process of concentration has been going on, 
the large amount of material which has been worked over, and the very 
limited extent of the gold-bearing gravels formed. 

The area has probably been subjected to erosion almost continuously 
since the close of Ordovician times, and this has affected the .gold deposits 
ever since the veins were first exposed by degradation. Everything bearing 
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on the genesis of the gold veins, as has been stated in detail elsewhere, 
indicates that the portions of the veins that are now exposed, were formed 
at a great depth below the surface; and a study of the physiography of the 
area gives independent evidence as to the thousands of feet of overlying 
rock removed by erosion. The veins, when formed, must have extended 
several thousand feet above the present surface, and while most of the gold 
originally contained in this vast amount of material was probably carried 
away and lost, a considerable proportion of the metal, because of its tough- 
ness, resistance to ordinary solvents, and high specific gravity, has been 
retained and concentrated into the relatively small bulk of material com- 
posing the placer gravel deposits. 

The placer gravels of Virginia are limited to the immediate vicinity 
of the vein-deposits from which they have been derived, and nowhere do 
they cover large areas, being almost entirely confined to the branches and 
smaller creeks. Much of the placer gold is coarse, and this together with 
its comparative roughness indicates that it has not traveled far. The 
branches are frequently reported to have been richest near the veins, and 
none of them was worked for any great distance below the lowest known 
veins, usually less than a mile. ‘They carried little or no value above the 
veins, and in fact many of the veins, which seldom outcrop, were located 
by panning up the branches. Large deposits of low-grade gravels, such 
as those in California which were extensively worked at one time by 
hydraulic methods and are now being worked by dredging, have not been 
found in Virginia.” The only place within the present area where it would 
be possible to find similar gravels is in the Triassic beds, which are exposed 
near the southern boundary of the area. It is interesting to note that 
Becker, working in a similar district, found transported gold in the 
Newark (Triassic) conglomerates of North Carolina.@ 

During the time in which the present branch gravels were being con- 
centrated, the physiographic conditions in Virginia were not suitable for 
the formation of low-grade placers. The fact that approximate pene- 
plaination has continued for a long period of time is probably the reason 
that large deposits of auriferous gravels are absent and that the placer 
gravels are all concentrated close to the primary deposits. The factors 
which make the Virginia branches such perfect “concentrators” having 
been outlined above, it might be of interest, for purposes of comparison, 
to state briefly the conditions under which the large low-grade deposits of 
California were formed. 


aBecker, Geo. F., Reconnaissance of the Gold Fields of the Southern Appa- 
lachians, 16th Ann. Rept., U. S. Geol. Survey, 1894, pt. iii, pp. 315-316. 
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In California the mountain streams crossing the gold area are swift, 
and consequently their powers of transportation high; the rainfall is ight, 
but largely confined to certain seasons of the year when sudden floods are 
not uncommon. The result of these conditions is to give a maximum of 
transportation efficiency for a given volume of water, and the streams 
are able to carry down vast quantities of gravel and even boulders of con- 
siderable size. When the streams, however, reach lower elevations and 
enter the large valleys that stretch back from the coast, their velocity is 
checked and their power of transportation suddenly diminished, causing 
them to drop a large part of their load. In this way gravel deposits, which 
often cover large areas to a depth of 30 or even 100 feet or more, and 
which in places contain small quantities of irregularly distributed gold, 
have been built up in some of the valleys. 

The placer gravels were extensively worked during the early days of 
mining in the James River district, and in many places they are reported 
to have been very rich. At this late date no authentic records are obtain- 
able that would give the amount of gold produced by the placer deposits 
of this district, or even of the State as a whole, but it is unquestionable 
that a very large percentage of the total gold production in Virginia has 
been derived from the gold-bearing gravels. While most of these branch 
gravels were worked out years ago, it is still possible to estimate the extent 
of the deposits from the irregular piles of gravel that were always left 
behind. 

In this section all known placer deposits that could be profitably worked 
by the simple methods formerly employed, were long ago exhausted, and 
it is improbable that new ones will be discovered in the future. In regions, 
such as this, which have long been inhabited, one can no longer expect to 
find rich, easily workable placer gravels, and this is especially true in a 
section where the presence of gold has been known for so many years, and 
where so much prospecting has been carried on. ‘The presence of gold in 
such deposits is so easily detected, even by those with little experience, 
that there is little hkelihood of its being overlooked, and the methods that 
may be used to recover it are so simple and inexpensive that the deposits 
are quickly worked out. 

Much gold was lost by the wasteful methods commonly employed when 
the branch gravels were first worked, and it would probably pay to rework 
many of these deposits, if a suitable method could be devised for handling 
them cheaply on a large scale. In the early days of mining the branches 
were usually leased, and the gravel washed in rockers by tributers who 
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payed a certain percentage of the gross proceeds, as a rule a fifth of the 
gold recovered. Some gold escaped recovery or was overlooked, and when 
the gravels were poor or mixed with sufficient clay to make washing difficult 
they were left untouched. Panning shows considerable gold even in the 
gravels that have been washed, and these also contain some mercury and 
amalgam lost by the early miners. Most of this gold is fine but it is 
granular and easy to recover; the gravel is small in size, contains but little 
sand and there are no boulders. In most places the grade is not sufficient 
for sluices. 

The only known placer gravels which have not been worked are those 
that occupy the bed of Byrd Creek and in places underlie the adjacent low- 
lands, but up to this time the difficulties involved in the profitable handling 
of these gravels have proved insurmountable. While they have not been 
systematically prospected, it seems certain that the Byrd Creek placer 
gravels must contain much gold. Byrd Creek is one of the larger streams 
of the area, and it cuts directly across the gold belt, while its tributaries 
include most of the rich branches formerly worked for gold. 

So far as known the only effort to work the Byrd Creek gravels was 
made about the year 1900. . During the summer, while the water was low, 
an attempt was made just above Bowles’ Bridge, 4 miles northeast of 
Columbia, to turn the creek aside, sink pits down to bedrock in the stream 
bed, and wash the gravel in rockers, but this experiment proved unsuccess- 
ful, for the water could not be kept out and the pits soon caved. It is said 
that the gravel was about 7 feet deep and that there was no overburden of 
mud; bedrock looked like slate and was covered with a layer of soft, decom- 
posed rock that made shoveling easy. The gold was coarse, most of it being 
“about the size of wheat grains.” ‘The conditions may have been unusually 
favorable at this place as a branch that had rich placer gravels entered the 
creek not far above. 

The only other information bearing on the value of the Byrd Creek 
gravels is furnished by some prospecting done on the Bertha and Edith 
tract, which les on the east side of the creek 3 miles northeast of Columbia. 
All the branch gravels on this place were washed for gold years ago, and 
the placers along Great Camp and Maple branches are reported to have 
been very rich. At that time Big Byrd Creek was dammed to furnish 
power for a mill located near the southern end of the property, and the 
mill pond thus formed covered about 3 acres including the lower portions 
of Great Camp and Little Camp branches. The gravels covered by the 
old mill pond, which has since been drained, have never been worked. In 
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1897, a company, which held the property under lease and option, sank a 
number of prospect pits in the flat near the mouth of Great Camp Branch 
and started to work the deposits, but all work was discontinued when their 
nearly completed mill and cyanide plant were destroyed by fire. Where 
the prospect pits were sunk the gravel was found to be from 1 to 214 feet 
thick and covered with an overburden of from 4 to 7 feet of sandy soil. 
It is stated that all the gravel carried gold, the values averaging from 
1 to 2 pennyweight per square foot. The amount of gold did not seem 
to vary with the thickness of the gravel and most of it was found close to 
bedrock. The gold was quite coarse, many of the grains weighing from 
0.10 to 0.20 pennyweight, while the largest nugget recovered weighed 1.78 
pennyweight. 

These facts prove that coarse gold was carried by the branches as far 
as the creek, and it can hardly be doubted that the gravels of the creek 
bed contain sufficient gold to make their mining profitable, providing a 
suitable method of handling them can be devised. 

Any successful method of working these placer gravels will have to take 
into consideration the following facts: | 

(1) Along much of its course Byrd Creek is bordered by steep banks, 
which in places give way to high bluffs, and this would make its diversion 
difficult if not impracticable. 

(2) The mean discharge of the stream is large and it is subject to 
occasional floods. 

(3) There is not sufficient fall in the creek to allow the employment 
of sluices, and the disposal of tailings would be difficult. 

(4) While no boulders occur in these gravels, the banks are in many 
places lined with trees, and their roots would probably interfere with 
dredging or similar methods of mining. 

(5) At several points there are rapids in the creek caused by ledges 
of resistant rock which outcrop in the bed of the stream. 


CHAPTER VIII. 


DESCRIPTION OF COPPER MINES AND PROSPECTS. 


TYPES OF COPPER DEPOSITS. 


Copper ores have been prospected at three localities in this district and 
the ore-deposits consist of two distinct types. The Lightfoot mine on the 
southeast side of Slate River about 2 miles northwest of Arvonia, and the 
Anaconda mine, located 314 miles west of Johnson and 5 miles north of 
Dillwyn, belong to one type, while the mines near New Canton are opened 
in a very different kind of ore-deposit. 

Ores of the type first mentioned occur as veins or lenticular masses in 
greenstone schists derived from basic igneous rocks, while ores of the last- 
named type are found impregnating crystalline schists, adjacent to their 
contact with an intrusive granite (quartz-monzonite with a dioritic border 
facies). In both types the principal ore-minerals are pyrite, more or less 
auriferous, and chalcopyrite. The origin of the ores belonging to each 
type will be discussed after the individual occurrences have been described. 


DESCRIPTION OF INDIVIDUAL MINES. 
The Lightfoot Mine. 


Location.—The: Lightfoot copper mine is located on the southeast side 
of Slate River, 2 miles northwest of Arvonia. 

History—The property was first worked for gold (see p. 207), but the 
copper deposit was opened shortly before the war by a company which is 
said to have shipped 100 tons of the ore to a smelting house in Baltimore, 
where it brought $80 per ton.* The outbreak of the war in 1861 put a 
stop to work at the mine, and since that time while there have been some 
spasmodic attempts to develop the property (the last about 1904) little 
has come of them. A shaft has been sunk to a depth of 85 feet, the collar 
of the shaft being about 20 feet above the level of the nearby stream, and 
several short drives have been opened. 

Country rock.—The Lightfoot mine is situated in an area of greenstone 
schists, which under the microscope are seen to be igneous in origin. ‘The 
strike of the schistosity is northeast and southwest and the dip is steeply 


aHamilton, J. R., The Natural Wealth of Virginia, Harper’s Magazine, 1865, 
vol. xxxii, p. 41. 
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toward the northwest. The schists show little variation in texture or color, 
being usually dark green and fine-grained. Megascopically, chlorite and 
epidote with occasional eyes and stringers of quartz and calcite are the 
most prominent minerals; and when the powdered rock is tested with a 
magnet it is found to contain an abundance of fine-grained magnetite. In 
addition to these minerals, plagioclase feldspars, hornblende and some 
titanium minerals can usually be recognized under the microscope. ‘These 
rocks are described in greater detail on pages 49-51. A little pyrite, often 
more or less cupriferous, and the secondary copper mineral—malachite— 
were found in the schist at several places within a mile or less of the mine. 
Where the rocks have been much fractured the openings are filled with 
quartz, epidote, calcite, or mixtures of these, forming irregular veinlets. 
In places magnetite appears to have undergone a similar concentration and 
may be picked up on the surface in pieces the size of hen’s eggs or even 
larger. 

Ore-deposit.—According to Credner, the vein was 4 to 5 feet wide near 
the surface, and consisted of iron oxide; below this capping, iron pyrites 
was encountered and continued for about 20 feet before chalcopyrite began 
to appear; and in the lower workings he found a coarse-grained mixture 
of iron and copper sulphides, which carried 11 per cent. copper.? The 
lower workings of the present opening are said to show an irregular vein, 
which in places consists of roughly parallel veinlets, ranging from several 
feet in width down to an inch or less, and the walls are rather sharply 
defined. 

The waste rock found on the dump shows that the country rock in the 
immediate vicinity of the vein has been greatly crushed and fractured. 
Extensive epidotization has taken place along the fractures, and where 
openings had been formed they are usually filled with quartz containing 
crystals of epidote and sometimes considerable calcite. The veinlets 
formed in this way are usually 4 or 5 inches in width or less. In places 
vug-like openings occur lined with quartz and crystals of epidote. Pyrite 
and chalcopyrite are occasionally present in the wall rock as well as in the 
veinlets, and where these minerals have been long subjected to oxidation 
the green stain of malachite is usually prominent. All the rock contains 
more or less magnetite, and fine-grained masses of this mineral, weighing 
several pounds, were noted, in which the only impurities that could be 
detected megascopically, were a little quartz, epidote, and occasionally 


aCredner, H., Report of Explorations on the Gold Fields of Virginia and North 
Carolina, Amer. Jour. Mng., 1869, vol. vii, p. 58. 
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chalcopyrite. A piece of the greenstone schist found on the dump con- 
tained a veinlet or segregated area of white feldspars, which were 0.5 to 1 
cm. in diameter, and showed fine albite twinning. Chalcopyrite and 
magnetite were plentifully distributed between the feldspars, and in places 
along their cleavage planes, in a way that indicated a later origin for the 
ore minerals. 

The best ore seen at the mine consisted essentially of a mixture of 
pyrite and chalcopyrite, but most of the ore found on the dump was com- 
posed chiefly of pyrite, slightly cupriferous, with a little quartz, chlorite, 
and epidote visible to the naked eye. Assays of the ore are said to show 
good values in gold, and Hamilton states that native copper was found in 
some of the ore, but this could not be confirmed. 


The Bumpus Property. 


At several other localities in this vicinity a little prospecting for copper 
has been carried on. The old Bumpus place lies northwest of the Light- 
foot mine on the opposite side of Slate River, and here a 20-foot shaft 
was sunk at a point where much limonite and magnetite were found on 
the surface. The shaft was opened in soft chloritic slate, and no copper 
ore seems to have been found. 


The Ford Property. 


On the Ford property, about three-quarters of a mile southwest of the 
Lightfoot mine, a vein is said to have been discovered in 1835, which was 
rich in gold at the surface, but at a depth of 4 or 5 feet copper pyrite 
became so plentiful as to interfere with amalgamation, and the work was 
abandoned.“ Later, a 60-foot shaft was sunk to strike the vein at another 
point, but a few lenticular quartz concretions containing copper pyrite 
seem to be all that was found. Credner mentions two small veins that 
were exposed by open cuts, the gangue being quartz, while iron and copper 
pyrite, and a little free-gold were present.? 


The Anaconda Mine. 


Location.——The Anaconda mine is located near Eldridge Mill, and is 
about 314 miles west of Johnson and 5 miles north of Dillwyn, stations 
on the Buckingham Branch of the Chesapeake and Ohio Railway. 

Historya—The Anaconda mine was formerly known as the Eldridge 
mine, and about 1903 it was under development by the Q. Q. Copper Co., 


aHamilton, J. R., Op. cit. 
bCredner, H., Op. cit. 
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which sank a shaft to a depth of approximately 60 feet. About 1905 the 
United States Mineral Co. did a little development work, and in 1910 the 
shaft was again pumped out, but almost immediately allowed to refill with 
water. The shaft is now said to have a depth of nearly 75 feet, and near 
the bottom, a short drive extends in a northeast direction. While work 
was going on, 3,300 pounds of ore running 104 per cent. copper were 
shipped to the smelter at Norfolk. 

Descriptive geology.—The ore-deposit lies in the same belt of green- 
stone schists in which the Lightfoot mine is located and the country rocks 
are, for the most part, similar to those already described. About 400 yards 
northeast of the mine several openings have been made exposing amphibole 
asbestos, some of the fiber being 7 or 8 inches in length, talc, and chloritic 
schists carrying needle-like crystals of actinolite. The rock found on the 
dump is practically the same as that at the Lightfoot mine. It is mostly 
a dark green, fine-grained chloritic schist, in which considerable epidote 
is present especially along fractures. <A little calcite in small crystals is 
in places scattered through the rock mass, but no veinlets or large masses 
were seen. Fine-grained magnetite and occasional grains of pyrite and 
chalcopyrite were noted. In a thin section (Spec. 352) the minerals 
present, in the order of their relative abundance, are quartz, chlorite, 
epidote and zoisite, hornblende, calcite, plagioclase feldspar, pyrite, and 
titanite. The hornblende occurs in dark green, needle-like prisms largely 
altered to chlorite. The calcite frequently shows multiple twinning. It 
is apparently a basic igneous rock which has been extensively altered by 
pressure and hydrometamorphism. 

Specimens of the ore seen at the mine consist essentially of pyrite and 
chalcopyrite intercrystallized with quartz as gangue. A little bornite, 
probably secondary, was noted in places, and the carbonates azurite and 
malachite, derived from the sulphides, are also present, usually along 
fractures in the rock. ‘The vein is said to be several feet wide in places, 
but elsewhere pinches to almost nothing. 


Genesis of Ores at the Lightfoot and Anaconda Mines. 


Many basic igneous rocks in different parts of the world have been 
found to contain small quantities of copper. Rocks of this type are 
common throughout much of the Blue Ridge region in Maryland and 
Virginia where there are basaltic lava flows, which, since their extrusion, 
have been greatly altered, with the production of secondary minerals, 
especially chlorite and epidote. As a result of the metamorphic changes 
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which these rocks have undergone, the small amount of copper originally 
disseminated in the rock has, in places, been locally concentrated along 
joints and fractures, giving rise to copper deposits which have become 
known as the Blue Ridge or Catoctin type.® 

The ores at the Lightfoot and Anaconda mines are similarly situated 
in an area of altered basic rocks, igneous in origin; and copper-bearing 
minerals have been found occurring in the country rock in small quantities 
at a number of widely separated localities; but there is a marked difference 
between the ore-deposits in this area and those of the Blue Ridge type, 
especially in the character of the ore-minerals. In the Blue Ridge type of 
deposit, the ore-minerals are chiefly cuprite and native copper, the latter 
often as nucleal masses surrounded by cuprite, together with small amounts 
of azurite and malachite, and, very rarely, of copper sulphide.® At the 
Buckingham County mines the copper minerals are chiefly sulphides, mala- 
chite and azurite being present only to a limited extent, and where they 
have been clearly derived from the sulphides, while cuprite and native 
copper are rare if they occur at all. 

Both the Lightfoot and the Anaconda mines were inaccessible when 
the writer visited the district in 1910, and it would be impossible to make 
definite statements in regard to the genesis of the ore-deposits without 
more detailed examination, but it seems probable that the copper, which 
they contain, was originally disseminated through the surrounding rocks, 
and that it has been concentrated by the circulation of meteoric waters, at 
favorable points in openings formed by local fracturing. Some of the 
principal facts in favor of this hypothesis may be summed up as follows: 

(1) Copper-bearing minerals are present in small quantities in the 
country rock at considerable distances from the ore-deposits, and there- 
fore the country rock furnishes a possible if not the probable source of the 
ore-minerals. 

(2) The principal gangue minerals in the ore-deposits—quartz, 
epidote, calcite, and magnetite—are important constituents of the country 
rock, the difference being one of relative proportions only, and no minerals 
have been observed in the ores that have not been found in the country 
rock. Therefore the country rock furnishes a possible if not the probable 
source of the gangue minerals. 


aWeed, W. H., Types of Copper Deposits in the Southern United States, Trans. 
Amer. Inst. Min. Eng., 1900, vol. xxx, p. 498. 

bWeed, W. H., Copper Deposits of the Appalachian States, U. S. Geol. Survey, 
Bull. No. 455, p. 14. 
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(3) The fracturing of the rocks furnished a channel for the circula- 
tion of concentrating solutions and openings for the deposition of the ore- 
deposits. 

(4) The extensive formation of hydrous from anhydrous minerals, 
which is the chief feature in the metamorphism of the great mass of rocks 
in this immediate area, necessitates the introduction of much water, .and 
circulating water is an agent sufficient to account for the transportation 
and concentration of the minerals forming the ore-deposits. 

(5) The extensive formation of epidote adjacent to fractures in the 
immediate vicinity of the ore-deposits is evidence of the circulation of 
solutions at these points. 

The difference between the Buckingham copper deposits and those of 
the Blue Ridge type may possibly be due to the formation of the former 
at a greater depth, and to the fact that the greenstone schists in this district 
are, as a whole, more dense, closer textured and without the amygdaloidal 
cavities and similar openings common in much of the Catoctin schist. As 
originally deposited, these ores probably consisted chiefly of cupriferous 
pyrite, and in that case most of the chalcopyrite owes its origin to secondary 
enrichment. It is doubtful whether the copper values will continue to 
any considerable depth from the surface, and the writer does not believe 
that these deposits will prove to be very extensive or of much economic 
value. 


THE NEW CANTON MINES. 


The New Canton ore-body has been exposed by a series of openings, 
consisting chiefly of shafts and tunnels, which begin at a point half a mile 
south of New Canton and extend in a straight line for a distance of a mile 
in a southwesterly direction. (See map, fig. 2, p. 17.) 


HISTORY. 


While the New Canton mines have never been of much economic im- 
portance, they have had a long and varied history, having been first worked 
for iron, later for copper, and more recently prospected for pyrite. The 
gossan or oxidized ore, which consists principally of limonite and forms 
the surface cap of the sulphide bodies, first attracted attention; and 
according to Prof. Rogers, iron was manufactured from the Buckingham 
ore as early as the Revolutionary War. However, very httle mining was 
done until’some time in the early 30’s, when a charcoal furnace, known as 
the Bear Garden or Dean furnace, was built about half a mile south of 
New Canton. In his “Report of the Geological Reconnoissance of the 
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State of Virginia, 1835,” Rogers states that, “the limestone on the western 
edge of the county furnishes the flux employed in the smelting of this ore, 
which, under the superintendence of Mr. Dean of New Canton, is now 
conducted on a scale of such extent as to give a weekly product of between 
thirty and forty tons of pig metal, much of which is of a superior quality.’’@ 


Piles of slag indicate that there was another furnace located less than a 
milé southwest of New Canton. Mining was entirely confined to surface 
cuts along the outcrop, and as these became deeper pyrite began to appear 
and rapidly increased until the percentage of sulphur became prohibitive. 
Rogers says that. fine specks of gold were discovered in the cinder or slag 
at these works. Iron ore was also hauled from Ore Bank, three-quarters 
of a mile southeast of Arvonia, and smelted at the New Canton furnace, 
but in 1840 the furnace was abandoned and no further work seems to have 
been done until prospecting for copper was started. 


The Johnson Mine. 


At the Johnson mine, formerly known as the Staples mine, which is 
located three-quarters of a mile west of south from New Canton, a 78-foot 
shaft was sunk by Mr. Staples, who mined and shipped 780 tons of ore 
averaging 8 per cent. copper. After this the property was leased and 
operated by White & Walters for a period of 2 or 3 years, beginning about 
1891. Several shipments were made and $4,000 is said to have been 
realized from the copper in the ore. About 1903, the Johnson Mining Co. 
bought the property and began development work. A_ vertical shaft, 
started on top of the hill, was sunk to a depth of 278 feet, and an adit 
was driven from the creek northwest to connect with the shaft. There are 
3 levels in the mine and the total length of the drives is said to be 1,000 
feet or more, but little or no mining was done. 


The McKenna Mine. 


The McKenna mine joins the Johnson mine on the northeast, and is 
situated a little over half a mile south of New Canton. It was first pros- 
pected for copper by J. P. McKenna about 1895, and in 1906 the Virginia 
Copper Co. began to develop the property. A 53-foot shaft was sunk at 
the foot of the hill in the lowlands near the creek, and two short drives 
opened from it, but work was stopped in 1907, and has not been resumed 
since that time. 


aRogers, W. B., Geology of the Virginias, p. 80. 
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The Hudgins Mine. 


The Hudgins mine, located 1.5 miles southwest of New Canton, was 
opened about the same time that the other two mines were being prospected. 
A shaft was sunk to a depth of about 70 feet, which seems to have been 
the extent of the development work. When visited by the writer in pet 
the shaft had partly caved and was inaccessible. 


The Margaret Mine. 


The Margaret or Terrell mine adjoins the McKenna mine and is 
situated on the west side of Phelps Creek about half a mile south of New 
Canton. This property was first opened in April of 1910, when a shaft 
was sunk to a depth of 80 or 90 feet in search of a pyrite deposit that could 
be profitably worked. When examined by the writer in the summer of 
1911 the shaft had been pumped out, and preparations were being made 
to sink it deeper. 

GENERAL DESCRIPTION OF THE GEOLOGY. 


The bluffs along James River and Phelps Creek furnish an almost 
perfect section across the rock strata in which the New Canton mines are 
situated, and this section, together with the mine openings and occasional 
outcrops elsewhere in the vicinity, make it possible to study these ore- 
deposits in somewhat greater detail than can be done in the case of most of 
the veins that occur in this area. 


The New Canton sulphide deposits occur in a schist, sedimentary in 
origin, which, a few hundred yards west of the mines, is interbedded with 
a schistose quartzite. East of the mines, stretches the area of’ intrusive 
granite (chiefly granodiorite), but between the granite and the ore- 
deposits is a belt of hornblendic schists 700 to 900 yards wide, part of 
which represents a basic border facies of the granite, while the rest is 
probably sedimentary in origin, though intensely metamorphosed by the 
intrusion of the great igneous magma. It is not possible to draw with 
certainty a line between the hornblende schists that are igneous, and those 
that are chiefly sedimentary in origin, for the former as well as the latter 
have been greatly changed by metamorphism under mass-mechanical con- 
ditions; and the difficulty is increased by the fact that there are dikes 
or apophyses from the igneous mass, interleaved with metamorphic rocks 
which are apparently sedimentary in origin. The series of rocks 
encountered in passing across this contact is described in detail on pages 
107-112, and therefore they will be discussed here only in so far as it is 
necessary to bring out their relations to the ore-deposits. 
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Northeast of the mines, at a distance of 300 to 490 yards, the country 
rock is a dark gray knotted slate, or schist, containing numerous rounded 
pseudophenocrysts of biotite averaging 1 to 1.5 mm. in diameter. These 
crystals of biotite are dark brown to black in color and have no regular 
orientation relative to the schistosity of the fine-grained slaty ground-mass 
in which they are embedded. Small reddish-brown garnets may also be 
present but are not plentiful. In the ground-mass quartz, sericite, and a 
few scattered grains of magnetite, are the only minerals distinguishable 
megascopically, but under the microscope biotite, chlorite, and rarely 
plagioclase feldspar, may also be identified. 

Passing eastward toward the contact, the biotite crystals gradually give 
place to garnets, and at the same time the schists become slightly coarser 
grained and lighter in color. The difference in color may be due to 
difference in composition, but is probably, in part, caused by increased 
development of sericite and a greater concentration of the iron in certain 
iron-bearing minerals. Small crystals of pyrite are abundant in the schists 
near the ore-bodies, which have no definite walls or boundaries. The ore 
is found in white to light gray, garnetiferous schists which, aside from the 
impregnating pyrite, are composed essentially of sericite and quartz, 
though chlorite is usually present and sometimes in considerable quantity. 
Plagioclase feldspar occurs to a limited extent, and occasional crystals of 
hornblende begin to make their appearance. 

The ore-minerals, chiefly pyrite, occur irregularly disseminated 
through the quartz-sericite schist, and where most abundant form irregular 
stringers or lenses parallel to the schistosity. The mineralized schists are 
cut by occasional small lenticular veins of quartz, carrying more or less 
feldspar, but as a rule they contain little pyrite, though the latter, in 
places, is concentrated along the walls of the veins. 

The hornblende schists on the east side of the ore-bodies are usually 
fine-grained but vary somewhat in composition and texture in passing 
across their strike. In the vicinity of the ore-deposits, and for some 
distance along their line of strike where they have not been found, there 
is usually much pyrite in the hornblende schists. Within 100 or 150 yards 
of the ore-bearing schists, apophyses of the granite occur as intrusions in 
the hornblendic rocks, and, at least in places, there is a narrow band 
along their contacts composed essentially of chlorite and garnets. The line 
drawn on the map (fig. 2) to represent the approximate contact between 
the rocks that are igneous and those that are sedimentary in origin, is 
located on the basis of the structural relations and appearance of the rocks 
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in the field, rather than on any difference in texture or mineral composi- 
tion, and while it is unlikely that there are important masses of altered 
sedimentary rocks on the east side of the line, there are known to be 
apophyses or dikes on the west of it. Much vein quartz occurs as small 
pieces in the soil derived from the sedimentary schists in the vicinity of 
their contact with the area of igneous rocks on the east. 

The ore-body is apparently continuous for a distance of more than a 
mile along its course. It is not exposed in the section furnished by the 
bluffs along Phelps Creek, although near the line of its strike much 
pyrite is present in the schists. Southwest of the Hudgins mine, outcrops 
are not as plentiful, and it is impossible to say how much farther the ore- 
body extends in that direction. A little prospecting is reported at several 
places, but nothing of value has been discovered. 


DETAILED DESCRIPTION OF THE ORE AND INCLOSING ROCK. 


The Margaret Mine. 


The outcrops of the ore-bearing rocks are stained with limonite and more 
or less porous from the oxidation of sulphides. In places directly above 
the ore-body there are large outcrops of gossan, consisting of dark brown, 
porous limonite containing comparatively little silica, and only occasional 
fragments of decomposed schist. At the Margaret mine, the dark bluish- 
gray schist with phenocrysts of garnet and biotite occur less than 100 feet 
west of the shaft started in the limonite capping, and pieces of hornblende 
schist were found lying on the surface only a short distance toward the 
east. Intermingled with the hornblende schist were found a few pieces 
of fine-grained quartzite, carrying irregular dark green crystals of horn- 
blende and light greenish-brown needles of sillimanite. Pieces of rock 
were also found which appear to be intermediate in mineral composition 
between the hornblende schists and the quartz-sericite-chlorite schists. 

The shaft at the Margaret mine was sunk on top of a ridge about 30 
to 40 feet above the creek and the limonite ores continued to a depth of 
28 or 30 feet, which is approximately the water level, before pyrite was 
encountered. Pyrite more or less cupriferous is the chief ore-mineral 
from this point down, but at a depth of about 55. feet it is accompanied 
by some chalcopyrite and bornite. The copper sulphides are not very 
plentiful and seem to be confined to a zone having a vertical thickness 
of 4 or 5 feet. In the bottom of the shaft which is about 90 feet deep, 
pyrite, slightly cupriferous, is the only ore-mineral. Fractures or joints 
in the rocks are frequently coated with hyalite, usually white but some- 
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times light green from copper stain. The strike of the schistosity 1s about 
N. 30° E. and the dip practically vertical. All the schists exposed in the 
shaft are more or less impregnated with sulphides, but the distribution is 
very irregular, the areas of greatest concentration frequently having the 
appearance of veinlets of pyrite. The schists are cut by occasional small 
lenticular veins of quartz and feldspar ranging up to 5 or 6 inches in width. 
The sketch shown in fig. 23 roughly illustrates the structural relations 
of the ore-deposit and the distribution of the pyrite. 
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Fig. 23.—Diagrammatic section showing quartz-feldspar lenses and distribution of 
sulphides in schist at the Margaret Mine. (©, quartz-feldspar lens; S, schist 
with a little disseminated pyrite; P, chiefly pyrite. 


The richest ore consists of 80 or 90 per cent. pyrite, a little white 
sericite, scattered pink garnets 1 to 1.5 mm. in diameter, a few small 
flakes of chlorite, and a little quartz. A thin section for microscopic 
examination was made from a piece of schist (Spec. 312-C) carrying about 
60 per cent. pyrite. In the hand specimens the rock appears to consist 
almost wholly of slightly cupriferous granular pyrite (1.5 to 2 mm. in 
diameter) and white sericite, with only a few small pink garnets. The 
distribution of the sulphides is closely related to the schistosity of the rock. 
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Near joint planes the sulphides have a dark coating and the white sericite 
is stained green by the presence of a small amount of copper. Under the 
microscope the smaller crystals of pyrite frequently show cubical form, but 
the larger masses have irregular outlines. The sericite is mostly oriented 
parallel to the schistosity, but many of the flakes look as though they 
had been pushed aside by the pyrite. Quartz is more plentiful in the thin 
section than one would suppose from a megascopic examination of the 
rock. It shows marked optical distortion and slight granulation from 
crushing, and contains occasional liquid and gaseous inclusions. A little 
magnetite is present in small grains and is usually closely associated with 
pyrite. 

Another specimen (316) of schist, showing the contact with a quartz- 
feldspar stringer which cuts across the cleavage and has narrow veinlets 
of quartz branching off parallel to the schistosity, is a light gray, close- 
textured rock composed of fine-grained quartz, sericite, chlorite, a little 
magnetite, and numerous red garnets ranging up to ] mm. in diameter. 
Pyrite is plentiful but not abundant, occurring in grains and small 
lenticular masses elongated in the direction of schistosity; and while 
disseminated throughout the rock appears to be slightly more concentrated 
near the quartz veinlets. Under the microscope the quartz grains show ir- 
regular interpenetrating outlines and wavy extinction. The flakes of sericite 
and most of the hght green chlorite are oriented parallel to the schistosity. 
The garnets are very ragged in outline and micropoikilitic in texture from 
numerous inclusions of quartz. In places they show slight alteration to 
chlorite. Plagioclase feldspars are also present and the minerals magnetite 
and pyrite are plentiful, frequently showing a close association, with pyrite 
occurring as inclusions in the magnetite or with the latter surrounded by 
the former. 

The quartz-feldspar veinlets range up to 6 inches or more in width, 
and are composed essentially of coarsely crystalline quartz, varying from 
white and translucent to clear and glassy, with more or less feldspar in 
angular crystals, having sharp straight outlines, ranging up to 1 cm. or 
over in diameter, and white to light yellow in color. In portions of the 
veinlets feldspar constitutes 10 per cent. or more of the mass while else- 
where it is practically absent. The feldspar crystals occur throughout the 
vein but are more plentiful near the walls and in places extend for a 
fraction of 1 cm. into the enclosing schists. Small masses of chlorite and 
garnet, probably representing inclusions of the country rock, are occasion- 
ally present. A little pyrite occurs in the central portions of the veinlets, 


DESCRIPTION OF COPPER MINES AND PROSPECTS. ano 


usually along cleavage planes or contacts between feldspar and quartz, 
but most of it is found near the walls and is yet more abundant in the 
enclosing schists. In thin section (315) under the microscope, the quartz 
shows some granulation and marked undulatory extinction, but the 
feldspars, aside from a slight warping of the cleavage planes, which is 
visible in the hand specimen, show no pressure effects. The feldspar is a 
soda-lime plagioclase, chiefly oligoclase-andesine, and usually shows 
multiple twinning after the albite law, though this appears to be absent in 
places.* Liquid and gas inclusions, usually arranged in rows or planes, 
are plentiful in the quartz and occur to a lesser extent in the feldspar. 


The McKenna Mine. 


At the McKenna mine the gossan is exposed in the side of the hill 
just above the shaft, and apparently grades into the enclosing schists. It 
is said to be only about 8 feet deep in the shaft, which is located not far 
from the creek and fills with water almost to the surface. Descriptions 
of the ore-body exposed by the underground workings, and the rock lying 
on the dump, indicate that the deposit is similar in every way to that at 
the Margaret mine. It is reported that “peacock” copper ore was struck 
in the shaft about 35 feet from the surface, where it was about 8 feet wide 
and 6 feet thick. The walls of this secondary copper deposit were fairly 
well defined, but the large masses of pyrite graded into the country rock 
without definite walls. 

A specimen obtained by Dr. Maynard from the bottom of the shaft, 53 
feet from the surface, is darker colored and more chloritic than most of 
the rock found on the dump or in this vicinity. It is a dark green foliated 
schist in which chlorite, quartz, biotite, garnet, pyrite, and magnetite are 
easily distinguished megascopically. In thin section (Spec. 6) plagioclase 
feldspars can be identified, but as they closely resemble the quartz in index 
of refraction and do not always show twinning, it is impossible to estimate 
their relative abundance, though the quartz is probably much in excess. 
Part of the chlorite gives evidence of its derivation from biotite. A little 
sericite is also to be seen and a few light brown prismatic crystals, probably 
of hornblende. Pyrite is abundant and magnetite plentiful, the two 
minerals being closely associated, with pyrite usually surrounding the 
magnetite. 


aA specimen of this feldspar was submitted to Dr. E. 8. Larsen, Jr., for deter- 
mination by the immersion method. He identified the feldspars as albite-oligoclase 
to oligoclase-andesine and states that the fresh and dominant feldspar is oligoclase- 
andesine. The maximum and minimum indices of refraction are: 
Oo = 1.535 = 0.003: to 1. 541 +0 1003 
Y=1.542 + 0.003 to 1.549 + 0.003 
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Some of the rock on the dump contains a little hornblende and probably 
represents the first stage of the gradation into hornblende schist. It is a 
light gray schist (Spec. 34) with a greenish tinge, consisting of fine- 
grained quartz, chlorite, sericite, garnets about 1 mm. in diameter, small 
grains of magnetite, and much disseminated pyrite, which is partly 
arranged in irregular planes parallel to the schistosity. ‘The hornblende 
which is not plentiful occurs in dark green crystals ranging up to 2 or 3 
mm. in diameter. Examined under the microscope, the smaller garnets 
have well-defined outlines but the larger ones are usually ragged, and all 
of them contain included grains of quartz. The magnetite is disseminated 
in grains and small angular masses showing more or less distinct crystal 
outline. Pyrite is frequently in contact with magnetite and often occurs 
in narrow planes or lenses parallel to the schistosity. Small plagioclase 
feldspars and dark green prismatic crystals of hornblende, with a few 
grains of titanite, and small inclusions of apatite and zircon, make up the 
minor accessories. . 

About 50 yards southeast of the McKenna shaft, a small diabase dike 
outcrops, but could not be traced any distance. The strike is probably 
northeast and southwest. It is a medium-grained, dark gray rock with 
ophitic texture easily recognizable in the hand specimen, and twinning can 
be seen on the feldspars with the aid of a pocket lens. Pieces of rock found 
on the dump indicate that a very fine-grained diabase dike, which in places 
is only 114 inches wide, was encountered in the underground workings. 


The Johnson Mine. 


At the Johnson mine, the gossan may be seen outcropping in the road 
100 yards south of the shaft, and there is much vein quartz lying on the 
surface in the same vicinity. A short distance north, there are outcrops 
of the same knotted schist found on the east side of the ore-body wherever 
there are exposures. ‘This rock was also encountered in the underground 
workings, and a thin section was made from a piece of the schist (Spec. 
319-A) found on the shaft dump. It is a dark gray, thinly foliated schist 
with the folia wrinkled by numerous small pseudophenocrysts of garnet 
and biotite around which they are folded. The garnets are much more 
plentiful than the biotite crystals, and there is also a little pyrite. Under 
the microscope the, biotite crystals are seen to contain numerous included 
grains of quartz and in a few instances the flakes are bent or curved, giving 
the mineral an undulatory extinction. They have no uniform orientation. 
The ground-mass is composed essentially of quartz and sericite with a little 
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chlorite, biotite, and very rarely plagioclase feldspar. ‘The quartz occurs 
in elongated grains interleaved with fine shreds of sericite, all being 
perfectly oriented parallel to their greatest dimension. Flakes of sericite 
in the same vicinity extinguish together except where the folia are bent 
around the pseudophenocrysts, and there they look as though they had 
been pushed aside by the mineral in its growth, forming lenticular eyes, 
with quartz usually filling the ends of the lenses. Some of the eyes 
contain two crystals instead of one, though this is not common. A similar 
rock (Spec. 307) in which the eyes are formed chiefly of biotite instead 
of garnet, 1s found at a somewhat greater distance from the granite. It is 
described on pages 32-33. 

Hornblende schist outcrops in the road less than 100 feet south of 
the gossan, and a microscopic slide (Spec. 458) was made from some of 
the rock obtained within 200 feet. In the hand specimen it is a fine- 
grained, dark green rock, close-textured and slightly schistose, composed 
for the most part of hornblende, quartz, and chlorite. Under the micro- 
scope the rock is distinctly schistose because of the approximate orienta- 
tion of the hornblende. This mineral is dark green in color, ragged in 
outline, and only occasionally contains inclusions of the other minerals. 
The hornblende constitutes about 75 per cent. of the rock mass. Irregular 
grains of quartz, chlorite, partly if not wholly derived from hornblende, 
a little plagioclase feldspar, and a few grains of magnetite make up the 
remaining constituents. In the absence of chemical analyses it is impossible 
to say whether this rock is igneous or sedimentary in origin, but the 
manner in which it is interbedded with other schists varying slightly in 
composition, leads the writer to believe that this schist is more likely 
derived from a sedimentary rock. 


At the mouth of the adit about 150 feet southeast of the Johnson shaft, 
a fine-grained, dark gray schist is exposed, in which quartz, chlorite, 
probably hornblende, magnetite, and pyrite are the only minerals coarse 
enough for megascopic identification. A thin section (Spec. 319-B) was 
made from a similar rock found on the dump. In the hand specimen it is 
a fine-grained, compact rock, gray with a slightly greenish tinge. It is 
slightly banded and contains a little disseminated pyrite, but most of the 
minerals are too small for megascopic identification. Under the micro- 
scope it is seen to consist of quartz, hornblende, soda-lime feldspar, 
chlorite, and magnetite, the order given being that of relative abundance. 
The quartz occurs in clear grains showing no granulation and little optical 
distortion. Hornblende is present in ragged individuals with numerous 
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inclusions of quartz and magnetite, and varies in size up to nearly 1 mm. 
in length. The crystals are uniformly oriented parallel to the schistosity. 
Plagioclase feldspar (probably andesine) is plentiful, and usually shows 
albite twinning. The chlorite is light green in color and occasionally shows 
multiple twinning. Magnetite occurs in small irregular grains uniformly 
distributed throughout the slide. 

Another variety of hornblende schist found on the dump is coarser 
grained (Spec. 320-A). Megascopically it is a dark green schistose rock 
containing crystals of green hornblende 1 to 2 mm. in diameter, brown 
biotite, green chlorite, and occasional brown garnets. In thin section the 
hornblende is light green in color, very ragged in outline, and contains 
numerous inclusions of the other minerals, principally quartz. It shows 
extensive alteration to carbonate and chlorite. The biotite has strong 
absorption, changing from brown to pale brown or colorless, and in places 
it shows alteration to chlorite. Quartz and soda-lime feldspar (andesine) 
are present in small grains, partly as inclusions in the hornblende and 
partly filling interstitial spaces. The feldspars usually show albite 
twinning. Grains of titanite, magnetite, and occasional rutile needles 
make up the minor accessories. 

Descriptions of the ore-body by men who worked in the mine, and the 
material found on the dumps, indicate that the ore-deposits at the Johnson 
mine are essentially the same as at the mines previously described. The 
ore-body is said to dip toward the northwest at an angle of about 80°. In 
some of the ore found on the dump pyrite occurs mixed with pyrrhotite 
and a little chalcopyrite, the gangue minerals being a small amount of 
quartz and sericite. Fragments from quartz-feldspar veinlets are also 
present on the dumps. The copper ore that was mined and shipped from 
this property is said to have consisted chiefly of “rich black copper ore” 
(chalcocite) found a short distance below the water level, and little or no 
high-grade copper ore seems to have been found in the lower workings. 


The Hudgins Mine. 


The country rock at the Hudgins mine, as indicated by outcrops in 
the vicinity, is exactly the same as at the other mines described above, and 
there seems to be no essential difference in the character of the ore-deposit. 
The material found on the dump is not as heavily impregnated with 
sulphides as at the Johnson and McKenna mines, and most of the ore- 
bearing schist is much lighter colored. Some of the rock closely resembles 
the quartz-sericite schist at the London and Virginia and Buckingham 
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mines. It is a fine-grained, white, lustrous schist in which quartz, sericite, 
and disseminated pyrite are the only minerals that can be identified with 
a pocket lens. Other pieces found on the dump are similar but contain a 
few scattered flakes of biotite. 


GENESIS OF THE NEW CANTON ORE DEPOSITS. 


The New Canton ores belong to that class of ore-deposits known as 
contact deposits, and it is believed that the sulphides which occur impreg- 
nating the schists near the contact were derived from the mass of intruded 
igneous rock that lies to the east. Acid igneous rocks on cooling give off 
a large amount of water in the form of highly heated vapor or gas, and 
this water may carry minerals in solution and deposit them where the 
conditions are most favorable. That this has been the mode of formation 
of the New Canton deposits is indicated by the facts, brought out in the 
detailed descriptions, which may be summarized as follows: 

1. The location of the ores in highly metamorphic schists close to 
their contact with an acid igneous intrusive. 

2. The extensive alteration of the ore-bearing schists with the pro- 
duction of sericite, chlorite, and garnet. 

3. The presence of lenses and veinlets of quartz and feldspar, which 
in places approach pegmatite in composition and appearance. 

4, The association of pyrite, chalcopyrite, pyrrhotite, and magnetite 
as the principal ore minerals. 

As has been stated elsewhere in this report, the intrusion of the granite 
(granodiorite) was accompanied by a partial segregation or concentration 
of the more basic minerals in the border portions of the cooling magma, 
and the extensive metamorphism of the sedimentary rock along the contact. 
The rocks nearest the granite possibly owe their alteration, which resulted 
in the production of hornblendic rocks, chiefly to heat and pressure, but 
the alteration of the schists at a somewhat greater distance from the 
contact, seems to have been due primarily to the heated vapors expelled 
from the cooling magma. This is indicated by the predominance of the 
anhydrous minerals, chiefly hornblende, in the rocks nearest the contact ; 
while in the ore-bearing schists, such hydrous minerals as sericite and 
chlorite were extensively developed. The occurrence of masses of chlorite 
containing many large garnets, which even under the microscope show no 
alteration, is difficult to account for if the chlorite was formed entirely as 
a result of superficial agencies, and, moreover, the inclusions of country 
rock found in the quartz-feldspar veinlets are all altered to chlorite, biotite, 
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and garnet. The same solutions that altered the schists and formed the 
quartz-feldspar veinlets, deposited the sulphide ores, chiefly pyrite. Some 
chalcopyrite may have been deposited as a primary mineral at this time, 
but it seems probable that most if not all of the copper was originally 
deposited as cupriferous pyrite. The sulphides undoubtedly filled any 
openings that may have been present, and while the schist may have been 
injected with veinlets and stringers of pyrite, as with quartz and feldspar, 
most of the sulphide masses, even where purest, give evidence of formation 
through metasomatic replacement of the schist. 

The frequent association of pyrite and magnetite suggests that the 
latter was formed by the reducing action of pyrite, since siderite is a 
prominent constituent in some of the knotted slates a few hundred yards 
west of the contact. Van Hise has called attention to the development of 
magnetite from iron carbonate on an extensive scale where igneous rocks 
have been intruded into ferruginous sedimentaries, and gives the following 
chemical equation as the probable reaction by which the magnetite is 
produced :@ 


2FeCO, + FeS, + 2H,0 = Fe,0, + 2H,8 + 2C0, 


The hydrogen sulphide set free by the reaction would aid in the alteration 
of the schists by combining with the iron derived from the iron-bearing 
silicates, and it is not improbable that the light color of the ore-bearing 
schists is partly due to the formation of pyrite at the expense of the dark- 
colored, iron-bearing silicates. 

The primary ore consisting chiefly of pyrite, slightly cupriferous, with 
perhaps more or less chalcopyrite, had a very low copper content. ‘The 
high-grade copper ore, such as that obtained at the Johnson mine a short 
distance below water level, owed its formation to concentration through 
meteoric agencies, of the copper originally present in the upper portion of 
the ore-body. Surface waters, entering the ore-body by means of small 
pores, cracks, and joints, carry oxygen and carbon dioxide in solution 
which react on the sulphides to form copper sulphate and other more or less 
soluble salts. The copper salts, being more soluble than the iron com- 
pounds formed, are mostly leached out and carried farther down, where the 
copper is reprecipitated by replacing iron in the fresh sulphides below. 
As a result of these reactions, oxides and carbonates of copper may be 
present in the upper, oxidized portion of the ore-body, while the rich 
sulphurets, such as chalcocite, bornite, and chalcopyrite, occur near the 


aVan Hise, C. R., A Treatise on Metamorphism, Monograph XLVII, U. 8S. Geol. 
Survey, 1904, p. 838. 
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water level, and in the deeper portions of the ore-body only the low-grade, 
primary sulphides are found. 

The practical absence of malachite, azurite, and copper oxide from the 
oxidized portion of these ore-deposits is probably due to the low copper 
content of the primary ores, the humid climate, and the long period during 
which the copper has been subjected to concentration. The ore-bodies 
originally extended much higher above the present surface, and part of the 
copper contained in the zone of secondary enrichment undoubtedly came 
from the upward extension of the deposits, which have been removed by 
erosion during the long period of time which has elapsed since the ores 
were first formed. 


COMPARISON WITH OTHER ORES OF THE DISTRICT. 


There is a marked resemblance between the New Canton ores and those 
at the London and Virginia, and Buckingham mines, the difference being 
chiefly in the relative proportion of the minerals present. At the latter 
locality the sulphides, which are apparently not as plentiful, occur chiefly 
as impregnations in a quartzite instead of a schist, the quartz-feldspar 
veinlets are more prominent, and the gold content is greater while that of 
copper is less. The New Canton type of deposit seems to represent one 
extreme of a gradational series, the typical gold-bearing veins of the 
district being at the other extreme, with the London and Virginia type 
intermediate between the two. At the New Canton mines the secondary 
ores were, in places, rich enough in copper to pay for their extraction, but 
these ores can not be expected to extend any great distance below the water 
level, and it is not believed that the copper content of the primary ores 1s 
sufficient to make them of value as a source of that metal. While in places 
high-grade pyrite occurs in the deposits, the greater portion of the ore- 
body contains a large amount of gangue material, and it is improbable 
that these mines could be profitably worked at the present time for their 
sulphur content alone. 
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Genesis of the New Canton ore de- 
posits, 257-259. 
History, 246-248. 
Hudgins mine, 248. 
Johnson mine, 247. 
Mckenna mine, 247. 
Margaret mine, 248. 
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Details of occurrences, 84-85. 
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Distribution and general char- 

acter, 84. 
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Details of occurrences, 49-51. 
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141. Carysbrook, 75-77. 
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River section across granite 
contact, 107-112. 
Rivanna River, section across granite 
contact, 112-113. 
Veins, 113. 
Willis Mountain, 113-114. 
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Dickey farm, 61. 
Dillwyn, 87. 
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Details of occurrences, 19-22. 
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Genesis of the New Canton ore deposits, 
257-259, 

Genesis of ores, Lightfoot 
mines, 244-246. 
relations of the 
208-234. 
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History and description, 151. 
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History, 205-206. 
Location, 205. 
Veins and country rock, 206-207. 
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